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Abstract 

Rates of cesarean delivery (CD) have increase over the past decade. Although 

generally CD is safe, it is not without medical risk. Objective: 1) To determine 

regional and provincial trends in CD rates from 1997 to 2002 in Alberta? 2) To 

determine the characteristics of mothers who underwent CD? 3) To determine age 

group specific risk factors for CD? 4) To determine risk factors for CD among those 

with spontaneous and induced labour? 

Methods: A population-based analysis of the Notice of Live Birth or Stillbirth 

database. 

Results: CD rates increased over time. CD was associated with advance maternal age, 

nulliparity, induced labour and gestational age less than 37 weeks. Identifical risk 

factors were noted between those with spontaneous and induced labour. 

Conclusion: This study provides information on CD risk factors, which may assist 

physicians and women to develop appropriate plans for birth. 
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Chapter One: Introduction 

1.1 Research Questions 

This study was designed to describe the epidemiology of cesarean delivery 

(CD) in Alberta and four research questions were investigated: 

1) Did the CD rate change from 1997 to 2002 and did the regional CD rates differ by 

health regions during this six-year period in the province of Alberta? 

2) Were the characteristics of mothers, who underwent CD different from those who 

did not? 

3) What were the risk factors for CD among women within defined age cohorts (age 

less than or equal to 19, 20 to 34, and greater than or equal to 35)? 

4) Did maternal risk factors for CD differ in cases of spontaneous and induced labour? 

1.2 Research Hypotheses 

It is hypothesized that CD is more likely to occur in the presence of the 

following twelve putative risk factors: advancing maternal age, nulliparity, 

induced labour, preterm delivery, low birth weight, multiple birth, smoking, 

alcohol consumption, illicit drug use, less than four prenatal visits, unmarried 

status and more than one previous abortion. 
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1.3 Study Rationale 

Although CD is generally safe and advantageous to the mother and baby, it is 

not without medical risks. Canadian CD rate reached 20% (1) and has exceed World 

Health Organization (WHO) recommended an optimal CD rate of 10-15%(2). 

Furthermore, there are associated consequences with respect to use of scarce health 

care resources. Therefore, the potential rlationships between CD and advancing 

maternal age, nulliparity, induced labour, preterm delivery, low birth weight, multiple 

birth, smoking, alcohol consumption, illicit drug use, less than four prenatal visits, 

unmarried status, history of previous abortion and region of residence during 

pregnancy are of tremendous-public health and scientific interest. However, limited 

provincial research exists to describe the relationship between these risk factors and 

CD in Alberta. To our knowledge, this study is the first to evaluate these 

hypothesized associations from a Canadian population—based data set. 

From the 1960s to the early 1980s, CD rates increased from approximately 5% 

to almost 20% in Canada and the United States (1), and similar trends were noted 

worldwide (1-5) . More recently, in Canada, the CD rates rose from 17.8% in 1994 to 

19.1% in 1997(3). Similarly, in the United States the CD rates rose from 20.7% in 

1996 to 22.9% in 2000(3). By comparison, the CD rate in England and Wales is 

currently 21.5% which has increased from 4% in 1973 (4). Rates in Italy have also 

increased from 11.2% in 1980 to 33.2% in 2000 (5). In Alberta, 20% (n8000) of the 

approximate 40,000 births per year are deliver by CD(6). 

CD increased medical risks including: iatrogenic infections (20%) as a 

consequence of major abdominal surgical procedures and increased risk of respiratory 
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distress syndrome (RDS) among infants (7). Maternal consequences of a CD include 

increased hospital stay to 4 days compared to 2 days for an uncomplicated vaginal 

delivery, also resulting in direct increases in health care costs (8-11). The escalation in 

CD rates has not been associated with any additional benefits in terms of maternal and 

perinatal outcomes(1 1); on the contrary, CD rates higher than 15% have resulted in 

increased risks to pregnant women and also increased infant morbidity and 

mortality(7) , so the World Health Organization (WHO) has recommended a CD rate 

of 10-15% as an optimal rate(2). Therefore, with present concerns about health care 

improvement and appropriate allocation of health care resources, it becomes 

important to understand the characteristics of women who are at high risk of 

undergoing CD and to determine strategies to optimize provincial CD. This study 

describes the relationship between maternal risk factors and CD in order to provide 

health care professionals with information that would improve identification of 

women at risk of CD and to develop strategies to reduce the risk. 
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Chapter Two: Review of the Literature 

2.1 Indications of Cesarean Delivery 

CD is the surgical delivery of an infant through an incision in the mother's 

abdomen and the uterus. The indications for CD as listed in the International 

Classification of Diseases, Ninth Revision (ICD-9) codes are previous cesarean 

(654.2), breech presentation (652.2), dystdcia including disproportion 

(653.0,653.1,653.2,653.3,653.4,653.9), obstructed labour 

(660.1,660.6,660.7,660.8,660.9), abnormality of forces of labour 

(661.0,661.1,661.2,661.9), long labour (662.0,662.1,662.2), malpresentation 

(660.0,650.2,652.5652.8,652.9), and fetal distress (656.3). Previous CD, dystocia, 

breech presentation and fetal distress are noted as the most important indications by 

Health Canada(1). 

Other specific medical indications include failure of labour to progress, failed 

induction, failed forceps or vacuum extraction, preeclampsia, gestational diabetes, 

syphilis, Crohn's disease, high lumbar radiculopathy, degenerative back disease, deep 

transverse arrest, macrosomia, abruptio placentae, umbilical cord prolapse, 

intrauterine growth retardation, polyhydramnios and suspected chorioamnionitis(12). 

2.2 Potential Risk Factors of Cesarean Delivery 

Numerous studies have attempted to determine the reasons for the increased 

and increasing CD rate. These studies have used various designs and differ with 

respect to the number and type of risk factors considered. Identified risk factors of CD 
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include advancing maternal age, nulliparity, induced labour, preterm delivery, low 

birth weight, multiple birth, smoking, alcohol consumption, illicit drug use, prenatal 

visits, unmarried status, and history of previous abortion, geographic region of 

residence, pregnant weight and height (12-23) . Apart from these medical and 

obstetrical factors, several non-medical factors including physician practice 

patterns(24), type of birth attendant, women's socio-economic status, race and 

education, financial incentives and patient preferences(7;25-36); have been noted, 

however, these non-medical factors were unable to be addressed in this study. 

Literature review was restricted to those factors that were included in this analysis. 

2.2.1 Maternal Age 

The mean age of the maternity population has increased globally since 1970, 

largely as a consequence of women choosing delay childbearing until completion of 

advanced education and achievement of financial stability (32;37;38). Among the 

childbearing population in the United States, the proportion of women 30 years of age 

or older increased from 17.7% in 1970 to 30.2% in 1990(29). In Alberta, the 

proportion of women aged 35 and older increased from 8.4% in 1990 to 16.8% in 

2001(39). Some studies have suggested that older maternal age increases the risk of 

neonatal and perinatal complications (34;40-42); however, others have reported no 

such relationship(43 ;44). 

From 1999 to 2000, the primary CD rate (i.e., the number of CD to women who 

have not previously had a CD expressed as a percentage of all deliveries to women 

who have not had a CD previously) in Canada for women was highest among women 
P 
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aged 35 years or greater at 19.4%, compared to 15.6% for women 25 to 34 years of 

age, and 13.4% for women less than 25 years of age (1). Some epidemiological 

studies have shown a statistically significant association between CD and advancing 

maternal age; maternal age was considered to be an independent risk factor for 

CD(16;23;30;32;33;35;45;46). The reasons for this statistically significant and 

clinically important increased risk were unclear, but might be due to high risk of 

medical complication or physician and patient concern over pregnancy outcomes 

among older age groups. 

2.2.2 Parity 

The association between CD and parity (i.e. birth order), which is defined as 

the number of previous live births and stillbirths, indicate an increased risk among 

nulliparous women (l;23;35;47-55) . The Canadian Perinatal Health Report (1) 

documented that nulliparous women were more likely to deliver by cesarean than 

women having their second or subsequent babies with no history of prior CD. Bailit 

and Garrett (49)found that nulliparous patients were almost three times more likely to 

have CD than multiparous patients, a finding similar to Horrigan (50). A retrospective 

case record analysis from Mesleh et al. (53), however, revealed that the CD rate 

among nulliparous women was similar to the rate in other obstetric populations. The 

reason for these conflicting findings is not well understood, however, the studies were 

conducted in different countries, and differing prenatal care patterns may have 

contributed to the differing results. 
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2.2.3 Induced labour 

Research on the relationship between induced labour and CD has been 

inconsistent , however, the Canadian Perinatal Health Report notes a positive 

association between induction of labour and an increased risk of CD (1). Labour 

induction was suggested as a significant risk factor for CD in numerous 

studies(27;46;56-66). Delaney and Young (56) reported that induced labour was 

related to an increased CD rate and the adjusted odds ratio of CD for induced labour 

compared with spontaneous labour was 1.84 (95% CI 1.51,2.25). Similarly, Friesen et 

al,(57) concluded that induced labour, rather than spontaneous labour was associated 

with an increased CD rate (24% vs. 10%) among infants weighing more than 4000 

grams. However, Horrigan conducted a retrospective analysis of the relationship 

between labour induction and CD among infants with birth weights more than 4000 

grams and reported that no correlation was found between the rate of labour induction 

and the rate of CD. In addition, some other studies found induction lowered the CD 

rate (11;47;50;6-69). Mathews(50) who concluded that the risk of CD was lower 

among women with induced compared to spontaneous labour. Few studies have been 

undertaken to distinguish risk factors of CD between induced and spontaneous labour 

groups, despite the possibility that the risk factors could differ for the two conditions. 

2.2.4 Birth Weight and Gestational Age 

High birth weight and gestational age of more than 42 weeks have been 

identified as risk factors for CD (25-27;40;58;67;70). An Australian study(27), 

which analyzed a population based data set of 616,303 live, singleton term births 
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occurring between 1990 and 1997, found that women with infants weighing more 

than 4500grams and with a gestational age of greater than 42 weeks were more likely 

to be delivered by CD. Similarly, Horrigan(67) reported that deliveries occurring after 

40 weeks were more likely to delivery by CD and Gonen (58) found that macrosomia, 

defined as birth weight exceeding 4000grams, was associated with an increased risk 

of CD. Although the reasons are complex, it might because the incidence of dystocia 

increases with birth weight(7 1) and failure to progress in labour increases with 

gestational age(69). 

Low birth weight and gestational age less than 37 weeks have also been 

reported as risk factors for CD (23;49;72;73. A study conducted by Bailit and 

Garrett (72) showed that gestational age of 24-30 weeks was a significant predictor, 

after analyzing 123,850 deliveries from Washington State Birth Events Record Data 

between 1997 and 1998. 

2.2.5 Multiple Birth 

The rate of multiple birth has increased recently in Canada, from 2.1% in 1991 

to 2.7% in 2000 (1). United States data is similar between 1980 and 1996. The twin 

gestation rate increased by 47%, also the triplet and higher-order gestation rate 

increased four fold, reaching 20% in 1996(74). Many studies showed that multiple 

births was highly associated with an elevated CD rate (22;49;74;75). Conde-Agudelo 

et al. (74) analyzed Perinatal Information System database in Montevideo, Uruguay 

and reported that the CD rate was 48.7% for women with multiple gestation compared 
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to 17.7% for women with singleton gestation, yielding an adjusted odds ratio of CD 

of 2.5(95% CI 2.5, 2.6). 

2.2.6 Smoking 

The prevalence of smoking among pregnant women in Canada from 1996 to 

1997 ranged from 25.2% in Atlantic Provinces to 18.6% in British Columbia (8). In 

New Zealand, approximately 30% of women quit smoking during pregnancy, 

compared to an Alberta smoking cessation rate of only 8.4%(6). Maternal smoking 

during pregnancy has been associated with preterm birth, low birth weight, 

intrauterine growth retardation, a small head circumference, a low Apgar score at 5 

minutes, stillbirths and neonatal deaths (76;76-79), but its relevance to CD is not well 

described. Turcot et al. (80)carried out a prospective cohort study in 11 North 

American university—affiliated teaching hospitals. Data from 935 nulliparous women 

in spontaneous term labour with a single foetus in cephalic presentation demonstrated 

that cigarette smoking was associated with a reduction in the risk of operative 

delivery. Although the underlying mechanism is unclear, authors hypothesized that 

the effect might be mediated by a reduction of birth weight. 

2.2.7 Alcohol and Drug Use 

In Alberta, 7.5% of women were recorded to have consumed alcohol during 

pregnancy according to the Physician Notice of Live Birth and Stillbirth Record(6). 

Excessive consumption of alcohol during pregnancy has been associated with a group 

of adverse fetal outcomes including decreased body weight, malformations, cognitive 
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and behavioural impairments which fall under the diagnostic umbrella of fetal 

alcohol spectrum disorder (81). Moreover, the combination of smoking and alcohol 

has been reported to have exacerbated adverse effects on birth outcome(6). However, 

few researchers have explored the relationship between CD and maternal alcohol 

consumption. 

No definitive reports describing the association between illicit drug use and CD 

rate were found. This is an important problem to investigate since roughly 1.4% of 

pregnant women were reported to use illicit drugs in Alberta between 1994 and 

1996(6). 

2.2.8 Prenatal Care and Marital Status 

The relationships between prenatal care, marital status and CD have been 

inconsistent (12;23;29;41;69;70;72;74;82-85). The effect of prenatal care and marital 

status on CD was examined by Bailit et al., but no significant relationship was found 

(72). Furthermore, McDuffle and colleagues (83) conducted a clinical trial, in which 

2764 pregnant women were randomly assigned either to a study group who received 9 

prenatal visits or a control group with 14 prenatal visits. Although the study group 

was observed to receive an average of 2.7 fewer total prenatal visits per pregnancy 

than the control group (p<0.001), there was no significant difference in the incidence 

rates for CD between the two groups (RR, 1.04; 95% CI 0.78, 1.14). In the United 

States, CD rates appear to be slightly higher among married women (23). 

2.2.9 History of Previous Abortion 
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The relationship between a prior history of abortion and an increased 

risk of CD is controversial. A slightly increased risk of CD (OR=l.8, p=0.04),if there 

was a history of previous abortion, was documented by Trujillo et al.(86). On the 

other hand, Harlow and colleagues (12) conducted a multi-centre, randomized, 

clinical trial to assess maternal risk factors for CD in a cohort of 6393 low-risk 

nulliparous patients between 18 and 34 years old. Both the bivariate and logistic 

regression analyses showed that a prior history of abortion had little impact on the risk 

of CD. Maternal and fetal characteristics such as maternal age, race, education and 

gender of neonate, as well as prenatal examination data, were considered in the 

multivariate model. 

2.2.10 Geographic Differences 

CD rates are noted to vary by geographic region(12;74;87;88). A multi-centre 

study conducted in the United States (12) demonstrated that the observed CD rates 

were lower in the Boston and Indianapolis than in rural Missouri and Iowa. Although 

differences in spontaneous labour were noted throughout Alberta between 1994-

1996(6), the investigation of regional variation in CD rates remains incomplete for the 

province. 

In summary, although many of the risk factors for CD identified above have 

been described in previous reports, only a few studies have attempted to estimate the 

cumulative influence of these risk factors on CD rates(80). The identification of risk 
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factors related to CD is greatly needed to guide the development of prevention 

programs and defrayed human and health care costs. 
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Chapter Three: Methodology 

The discussion of the research and analysis methodology follows the 

definitions of the variables. 

3.1 Operational Definitions 

Live birth - In the WHO's definition, a live birth is the complete expulsion or 

extraction from the mother, irrespective of the duration of the pregnancy, of a foetus 

in which, after expulsion or extraction there is breathing, beating of the heart, 

pulsation of the umbilical cord or unmistakable movement of voluntary muscle, 

whether or not the umbilical cord has been cut or the placenta attached. 

Stillbirth - In the WHO's definition, a stillbirth is the complete expulsion or the 

extraction from the mother after at least 20 weeks' pregnancy, or after attaining a 

weight of 500 grams or more, of a foetus in which, after the expulsion or extraction 

there is no breathing, beating of the heart, pulsation of the umbilical cord or 

unmistakable movement of voluntary muscle. 

CD rate - The number of deliveries by CD expressed as a percentage of the total 

number of deliveries (in a given place and time), including both primary and repeat 

rates (1). This is the primary outcome of this study. 

Maternal age - The age of the mother at the time of delivery. It is calculated as the 

integer of the difference between the delivery date and the mother's date of birth. For 

these analyses, maternal age has been categorized as: 

Younger age - younger than 19 years of age 
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Intermediate age - 20 to 34 years of age 

Older age - 35 years of age or older 

Nulliparous women (nulliparas) - Women who are bearing or having borne one 

child (including this delivery) 

Multiparous women (multiparas) - Women who are having or had two or more 

pregnancies, which resulted in viable foetuses (6). 

Induced labour- labour brought on by mechanical or other extraneous means, 

including 

medical and surgical induction(89). 

Gestational age - The duration of gestation is measured from the first day of the last 

normal menstrual period. Gestational age is expressed in completed days or 

completed weeks. 

Preterm - Less than 37 full weeks of gestation or less than 259 full days. 

Term - 37 to 42 full weeks of gestation or between 259 and 293 full days. 

Postterm - More than 42 full weeks of gestation or 294 full days or more. 

Birth weight: The first weight of the foetus or new-born obtained after birth, 

preferably within the first hour after birth, before the significant post-natal loss has 

occurred. 

Low birth weight - Birth weight of less than 2500 grams. 

Normal infant - Birth weight between 2500 and 4000 grams. 
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High Birth weight - Birth weight more than 4000 grams. 

Multiple birth - Pregnancy in which two or more foetuses exist simultaneously(89). 

Smoking status - Whether or not the expectant mother smoked during pregnancy. 

Responses were dichotomized into Yes and No. 

Alcohol consumption - If the expected mother drank any alcoholic beverages during 

this pregnancy. Responses were dichotomized into Yes and No. 

Illicit drug use - If the expected mother used illicit drugs, including marijuana and 

hashish during this pregnancy. Responses were dichotomized into Yes and No. 

Prenatal visits: the number of times the expectant mother visited a physician prior to 

delivery, classified into two categories: less than four prenatal visits and greater than 

or equal to four prenatal visits. 

Marital Status: If the expected mother was married when she delivered her baby. 

Responses were dichotomized into Yes and No. Yes included mothers who were 

married and the husband is the natural father of the child, legally married and the 

husband is not the natural father of the child, as well not legally married. No included 

mothers who were never married, widowed and divorced. 

Aborted pregnancies: The number of times that expected mother experience abortion 

regardless of cause or procedure, and was recorded into three categories: no, one 

abortion, and two or more abortion. 

Geographic region - Two definitions were used: the health region of residence of the 

mother based on the usual address provided by the mother and the health region 

where the birth occurred. Both were considered in this analysis. When the second 
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definition was used, the analysis was not specific to Alberta residents, but included 

all deliveries occurring in this province. The province of Alberta is divided 

administratively into nine regional health authorities. 

3.2 Design Type and Rationale 

This research project was a population-based, cross-sectional analysis 

of data routinely collected through the Notice of Live Birth or Stillbirth (PNOB) 

from 1997 to 2002. The cross-sectional analysis enabled the identification of current 

relationships between exposure(s) such as maternal age and smoking and CD (81). 

There were three reasons why this type of study design was chosen. First 

of all, compared to case-control studies, this cross-sectional analysis was based on 

the complete population, and consequently the ability to generalize the findings may 

be considered a strength. Second, this study design was appropriate in view of the 

current level of knowledge, since no causal relationships were found between the 

variables of interest in previous reports. Lastly, the study was cost effective. If a 

prospective cohort study were done, it would be very expensive and time consuming 

to gather a sufficient number of subjects(90;91). 

3.3 Target Population 

The target population for the project comprised all women who delivered a 

live born infant in the province of Alberta during the six-year study period from 

January 1, 1997 to December 31, 2002. Approximately 227,034 births were obtained 

from the PNOB database, which is the basis for legal registration of birth, was 
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completed on all births in the province. Therefore, this was a population-based 

analysis in that it included all women delivering babies in Alberta during the six-year 

period. The 1,473 stillbirths during this period were excluded since the dependent 

variable CD and most independent variables of interest were absent in the stillbirth 

registration data. 

Presence or absence of exposure (i.e., risk factors) was recorded on the PNOB 

form for each woman. In addition, presence or absence of the outcome (CD) was 

identified by physicians in the hospital and recorded in this database. 

3.4 Data Source and Location for the Study 

The data set included the 1997-2002 Alberta Vital Statistic Birth Registration 

data and Maternal Risk Factor Surveillance System data. This study made use of 

secondary data; which refers to data that have been collected for purposes other than a 

specific research project(92). The period from 1997 to 2002 represents the most 

recent six-year period for which CD data were available for analysis for both presence 

and absence of all the risk factors of interest. The data were managed and analyzed 

using SPSS/PC version 12.0(SPSS Inc, Chicago, Ill) and STATA version 7.0. 

3.5 Access to the Research Setting 

Data were obtained from Alberta Health and Wellness, and was stored in a 

computer file, protected with a personal password. 

Data collection variables included: 

0 Birth date of mother 
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• Birth date of newborn baby 

• Mode of delivery 

• Number of live births and stillbirths that mother has ever had, including the 

current birth 

• Type of labour 

• Gestational age 

• Birth weight 

• Multiple or singleton births 

• Smoking status during pregnancy 

• Alcohol consumption during pregnancy 

• Use of street drugs during pregnancy 

• Prenatal visits 

• Marital status 

• Aborted pregnancies, and 

• Health region where birth occurred and where mother lived 

3.6 Data Analysis Procedures 

3.6.1 Study Variables 

The primary dichotomous outcome variable of this study was CD versus non-

CD. The independent variables included maternal age, nulliparity, induced labour, 

preterm delivery, low birth weight, multiple birth, smoking, alcohol consumption, 

illicit drug use, less than four prenatal visits, unmarried status, and history of previous 
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abortion. Maternal age was regarded as both a continuous and categorical variable, 

while all other variables were categorical variables. 

3.6.2 Data Cleaning 

The quality of the data was checked in the initial stage of analysis. For 

example, missing values, out of range values (outliers) were checked using computer 

software. The observations with missing values or outliers were eliminated prior to 

data analysis. 

The variable parity was computed by calculating live birth plus stillbirth, 

which was recorded in the data set. Other variables of interest were categorized for 

the analysis. 

3.6.3 Data Analysis 

Primary analysis included rate calculations, univariate analysis, bivariate 

analysis and multivariate analysis. Rate calculations, univariate and bivariate analysis 

were carried out with the use of the merged data set, which included all live births 

occurring in Alberta. Since most variables of interest, including type of delivery, were 

absent in the Stillbirth Registration Data, stillbirths were excluded in this analysis. 

Multivariate analysis was restricted to live and singleton births during the six-year 

period. 
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3.6.3.1 Rate Calculations 

The annual provincial CD rates over the study period and across regions 

within Alberta were estimated using the data set, which included all live births in 

Alberta. Age -specific and labour-specific CD rates were also compared to determine 

if there were significant differences between the rates during the study period. All 

annual trends over time were estimated by chi square test and p<O.05 was used to 

determine statistical significance. 

CD rates for different regions as well as corresponding 95% confidence 

intervals were calculated to assess the significance of the differences, or any overlap, 

in the estimated CD rates across regions within Alberta. The nine regional health 

authorities (RHAs) examined included Chinook, Palliser, Calgary, David Thompson, 

East Central,. Capital, Aspen, Peace Country and Northern Lights. 

3.6.3.2 Univariate Analysis 

Univariate statistics and graphical analysis were used to describe three 

characteristics of maternal age: the shape of distribution by using a histogram, central 

tendency and variability by calculating mean, standard deviation, median, and 

range(93). In addition, univariate statistical analysis was conducted to describe the 

frequency and percentages of each exposure level, i.e., each category of risk factors. 

3.6.3.3 Bivariate Analysis 

Bivariate analysis was carried out to describe the association between the 

risk factors and the primary outcome variable (CD). Continuous variables were 
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compared using the 2-tailed student t test. P<O.05 was used to determine a 

statistically significant association between two variables. If statistically significant 

results were obtained the observed variation exceeded the expected random variation, 

assuming a normal distribution of this variable(94;95). Pearson Chi Square tests were 

performed for categorical variables to estimate the association between two variables. 

In most cases, the sample size from PNOB database was so large that even differences 

that were trivial from a clinical perspective could still achieve statistical significance 

(p<O.00l), so the interpretations also considered the literature and clinical relevance. 

Linear trend test was used to determine the significant of the change 

overtime. 

In addition, for all categorical variables the estimates of crude odds ratios 

were calculated with p-values and the corresponding 95% confidence intervals (95% 

CI) comparing women who did and did not have CD (reference category). For 

example, the odds ratio of women who smoked compared to women who did not, was 

calculated. If the 95% CI around the odds ratio was greater than 1, but did not include 

1, the observed rate of CD was considered significantly above the expected value. On 

the other hand, if the 95% CI around the odds ratio was less than 1 and also did not 

include 1, the observed rate of CD was significantly below the predicted value. In 

order to simultaneously control for known potential confounding factors, which can 

cause or prevent the outcome of interest, not in the causal pathway, but are 

independently related to factors under investigation (96), the bivariate relationships 

were further examined using multivariate logistic regression analysis. 
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3.6.3.4 Multivariate Logistic Regression Analysis 

Unconditional logistic regression was performed to develop models for 

independent risk factors of CD. Potential risk factors were chosen in this study based 

on characteristics shown to be important in previous research, statistical significance 

and the availability of those data from PNOB data source. All covariates were entered 

into the initial models if the data elements were completed in over 80% of records and 

were statistically significant (p<O.05) in the bivariate analysis. In addition, records 

were excluded if data were missing on any variable in the specific model under 

consideration. Adjusted odds ratios and 95% confidence intervals were calculated 

from the regression coefficients and standard errors of the factors retained in each 

model. 

A full assessment of effect modification was made. Hypothesized effect 

modifiers are factors that modify the effect of the causal factor under study(96). 

Although a large number of interactions might be created from the variables in the 

model, only those which we had chosen a priori or those that made biological sense 

were examined. In this analysis, the interaction terms of age with all other 

independent variables, and the interaction of smoking and alcohol consumption were 

investigated. In the model-building process, we were interested in assessing the 

inclusion of the interaction term, which would change the coefficients of the main 

effects by comparing two models, so the likelihood ratio test was used as a means of 

screening. Generally, the interactions with biological as well as statistical significance 

were maintained in the model and final models for CD were developed that included 

all statistically significant independent variables and interaction terms. 
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Live, singleton births were analyzed to examine the risk factors of CD with 

the use of multivariate logistic regression analysis. There were two reasons why 

multiple births were excluded. Firstly, multiple gestations had substantial relationship 

with labour induction, preterm birth, maternal age and other factors that were tested in 

our analysis(l ;3) , therefore our analysis was restricted to singleton births to reduce 

bias due to co- linearity. Secondly, many researchers have reported that the risk 

factors for CD are considerably different for women who have had multiple gestations 

than for the obstetric population generally, so we focused on studying singleton births 

to be consistent with previous studies that have been conducted in this field(82). 

Similarly, since birth weight and preterm birth could have a co-linearity relationship, 

(23) we did not put both variables in the same models. Gestational age rather than 

birth weight could be identified by obstetricians at admission to the hospital; this 

factor has been used to predict CD by many researchers, therefore this variable was 

used in our multivariate model to concur with literature(80). 

Advancing maternal age is a key independent risk factor and is an established 

risk factor for CD; therefore, it was first regarded as a continuous variable to estimate 

the rate of change of the log of odds of CD per year change of age, irrespective of 

other risk factors. It is recognized that some information may be lost when continuous 

variables are replaced by categorical variables. Therefore, by using age as a 

continuous variable in the model, it was easier to assess potential confounders and 

effect modifiers than using a model in which age was treated as a categorical variable. 

Since the statistically significant interactions between age and other factors such as 

parity, gestational age and prenatal visits were found in the first model and then 
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maternal age was reclassified into three categories to compare the odds ratios of 

CD in three different age groups in the logistic regression models. By developing 

three separate logistic models for each age group, it is easier to interpreter the 

regression parameters. 

Additionally, to distinguish the difference in maternal risk factors for CD in 

cases of spontaneous and induced labour in women in Alberta, two separate 

regression models were developed. The ORs of CD in the spontaneous and induced 

labour groups were then compared to identify the maternal risk factor disparities 

between these two groups. 

3.7 Ethical Considerations 

The database was installed on an office computer and was password protected. 

The PNOB database did not contain nominal information, so no individuals could be 

identified and only aggregate data would be published. The proposal of this study was 

approved by the Conjoint Health Research Ethics Board. 
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Chapter Four: Results 

The total number of mothers who delivered babies between 1997 and 2002 in 

Alberta was 228,507, including 227,034(99.4%) live births and 1473(0.6%) stillbirths. 

Only live births were included in this analysis. 

This chapter presents the results of analysis in the following order: 

1) CD rates in Alberta, 1997 to 2002 

2) Characteristics of mothers who underwent CD in comparison with 

those who did not 

3) Risk factors of CD within defined age cohorts (age less than or equal to 

19, 20 to 34, and greater than or equal to 35) 

4) Risk factors of CD within spontaneous and induced labour groups 

Each part of the results sections addresses one research question of this project. 

4.1 Cesarean Delivery Rate in Alberta 

Q 1. Did the CD rate change from 1997 to 2002 and did the regional CD rates differ 

by health regions during this six-year period in the province of Alberta? 

The results of provincial CD rates (section 4.1.1), age-specific CD rates (section 

4.1.2), labour-specific CD rates (section 4.1.3) and regional CD rates (section 4.1.4) 

for each year are reported in this section. 
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4. 1.1 Annual Provincial Cesarean Delivery Rate 

In Table 1, the delivery data for each year are summarized. The number of 

CDs ranged from 5,823 in 1997 to 8,531 in 2002; the number of all deliveries also 

exhibited an upward trend during this period, from 36,026 to 37,506. The annual 

provincial CD rate rose steadily from 16.3% to 22.9% (p<0.001), representing a 40% 

increase over 6 years. The overall provincial average CD rate was 19.5% for this time 

period. 

Table 1. Number and rate of overall annual cesarean delivery (CD) among live 
births, Alberta, 1997-2002 

Year of Birth Number of CDs Number of Deliveries CD per 100 Deliveries 

1997 5823 35768 16.3 

1998 6255 36635 17.1 

1999 6937 36900 18.8 

2000 7113 35778 19.9 

2001 8076 36464 22.1 

2002 8531 37250 22.9 

Total 42735 218795 19.5 

Linear-by-Linear Association p<O.00l trend 
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4.1.2 Annual Age-Specific Cesarean Delivery Rate 

The delivery data were subdivided by maternal age group, and the percentage 

of CD deliveries for each group is presented in Table 2. All age-specific CD rates 

consistently increased with time (from 1997 to 2002) and this trend was more 

pronounced among older women. In 2002, 31.1% of CD deliveries in Alberta were to 

women aged 35 and older, an absolute increase 8.9% since 1997. Additionally, the 

rate increased 6.3% among women aged 20 to 34 and 3.4% among those aged 19 and 

younger. When these rates were compared, the pattern of increasing CD rates with 

each year remained the same (Figure 1). 

Table 2. Annual age- specific cesarean delivery rates among live births, Alberta, 
1997-2002 

Year Age Group (Years) Total 

<=19 20-34 >=35 

1997 11.0 15.7 22.2 16.3 

1998 11.0 16.3 24.7 17.1 

1999 11.6 18.2 25.9 18.8 

2000 13.8 18.9 27.9 19.9 

2001 14.3 21.1 30.9 22.1 

2002 14.4 22.0 31.1 22.9 

Total 12.6 18.7 27.2 19.5 

Linear-by-Linear Association p<O.00l trend 
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4.1.3 Annual Cesarean Delivery Rates in Spontaneous and Induced Labour Groups 

The delivery data were subdivided into spontaneous and induced labour 

groups, and the percentage of CD deliveries for each group is presented in Table 3. 

From 1997 to 2002, CD rates increased gradually over time in both spontaneous and 

induced labour groups (p<O.00l trend). The CD rate among those with induced labour 

increased approximately 3%, which was similar to those with spontaneous labour 

(3.3%) over the six-year period in Alberta (Table 3). Additionally, the CD rate in the 

induced labour group was higher than the spontaneous labour group each year. The 

provincial average CD rate in the induced group (16.1%) was higher than the rate in 

the spontaneous group (9.9%). 
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Table 3. Annual cesarean delivery rates among live births in spontaneous labour 
and induced labour groups, Alberta, 1997-2002 

Year of Induced Labour Spontaneous Labour 

Birth Number Number CD per Number Number CD per 

of CDs of 100 of CDs of 100 

deliveries deliveries deliveries deliveries 

1997 1204 8279 14.5 1963 23351 8.4 

1998 1261 8689 14.5 2047 23400 8.7 

1999 1394 9059 15.4 2217 22862 9.7 

2000 1419 8740 16.2 2219 21990 10.1 

2001 1694 9257 18.3 2431 21700 11.2 

2002 1664 9527 17.5 2564 21951 11.7 

Total 8636 44933 16.1 13441 121813 9.9 

Linear-by-Linear Association p<O.00l trend 
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4.1.4 Regional Variations of Cesarean Delivery Rate 

The regional data were compiled in two ways - by region of the mother's 

residence, and by region in which the CD was performed. Table 4 presents the CD 

rate of each region where the mother lived and Table 5 presents where the mother 

delivered the baby, respectively. Table 6 shows the number and percentage of CD, 

which occurred within regions outside the mothers region of residence. 

Analysis indicated important variation according to geographic area. The East 

Central region had the highest CD rates both for the region of residence (24.1%) and 

the region of birth (23.7%); the Palliser Region had the lowest rates (12.6% and 

10.7% respectively). However, some regional rates must be interpreted with caution 

due to the low number of cases involved. 

The provincial average (19.5%) was the same for both analysis of region of 

residence and region of birth; however each regional CD rate was different. When 

data from 1997 to 2002 were combined and analyzed by maternal residence (in a 

health region), CD rates were higher than the provincial average in Calgary, David 

Thompson, East Central, Peace Country region and Northern Lights (Table 4). When 

data for the period 1997 to 2002 were combined and analyzed by health region in 

which the birth occurred, the CD rate of Capital was higher than the provincial 

average, but the rate of Northern Lights was no longer higher than average, and the 

rate of David Thompson was the same as provincial average rate (Table 5). Other 

regions remained in the same position, although the absolute value changed. In all, 
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38.1% of all CD deliveries in Alberta occurred in the Calgary region, 32.7% 

occurred in Capital region and 29.2% in the remaining seven regions (Table 6). 
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Table 4. Cesarean delivery (CD) rates among live births within region where 
mothers lived, Alberta, 1997-2002 combined 

Region of Number Number of CD per 100 95% CI 

Residence of CDs Deliveries Deliveries 

Chinook 2110 11787 17.9 17.2,18.6 

Palliser 842 6701 12.6 11.8,13.4 

Calgary 15801 76862 20.6 20.3,20.8 

David 4238 20497 20.7 20.1,21.2 

Thompson 

East Central 1328 5503 24.1 23.0,25.2 

Capital 11555 62528 18.5 18.2,18.8 

Aspen 2678 14267 18.8 18,1,19.4 

Peace Country 2223 11071 20.1 19.3,20.8 

Northern Lights 1313 6651 19.7 18.8,20.7 

Total 42088 215867 19.5 19.2,20.0 

CI=Confidence Interval 
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Table 5. Cesarean delivery (CD) rates among live births within region where 
mothers delivered babies, Alberta, 1997-2002 combined 

Region of Birth Number Number of CD per 100 95% CI 

of CDs Deliveries Deliveries 

Chinook 2220 12265 18.1 17.4,18.8 

Palliser 708 6642 10.7 9.9,11.4 

Calgary 16193 77854 20.8 20.5,21.1 

David 3740 19171 19.5 18.9,20.1 

Thompson 

East Central 968 4087 23.7 22.4,25.0 

Capital 13887 70519 19.7 19.4,20.0 

Aspen 1764 11484 15.4 14.7,16.0 

Peace Country 2098 10349 20.3 19.5,20.0 

Northern Lights 1157 6424 18.0 17.1,19.0 

Total 42735 218795 19.5 19.4,20.2 

CI=Confidence Interval 
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Table 6. Number and percentage of cesarean delivery (CD) occurred in regions 
outside the mother's region of residence, Alberta, 1997-2002 combined 

Region of Birth (n, % with region of residence) 

Region of Residence 

Calgary Capital Other Total number of CD in 

regions region of residence 
51(2.4%) 4(0.2%) 11(0.4%) 2110 

Chinook 

113(13.4%) 6(0.7%) 70(8.3%) 842 

Palliser 

15585 (98.6%) 43 (0.3%) 171 (1.1%) 15801 

Calgary 

250(5.9%) 341(8.0%) 74 (1.6%) 4238 

David Thompson 
3(0.2%) 452 (34.0%) 32 (2.4%) 1328 

East Central 
12(0.1%) 11496(99.5%) 47 (0.4%) 11555 

Capital 

10(0.4%) 1028 (38.4%) 30 (1%) 2678 

Aspen 

9(0.4%) 185(8.3%) 92 (3.4%) 2223 

Peace Country 

6(0.5%) 102(7.8%) 103 (0.8%) 1313 

Northern Lights 

16039 13657 12392 42088 

Total (38.1%) (32.7%) (29.2%) (100%) 
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4.2 Characteristics of Mothers Who Underwent CD in Comparison to Those 
Who Did Not 

Q2. Were the characteristics of mothers, who underwent CD different from those who 

did not? 

This section used univariate and bivariate analysis to describe maternal 

characteristics including advancing maternal age, nulliparity, induced labour, preterm 

delivery, low birth weight, multiple birth, smoking, alcohol consumption, illicit drug 

use, less than four prenatal visits, unmarried status, history of previous abortion and 

geographic regions. 

4.2.1 Baseline Characteristics of Cesarean Delivery 

The characteristics of mothers who delivered babies from 1997 to 2002 are 

described in Table 7. The total number of cases in each variable differed due to 

missing cases. A large amount of the data (79.9%) for quantity smoked by the 

expectant mother during the current pregnancy, which vas recorded in the data source, 

was missing; thus this variable was excluded in the analysis. In addition, the variable, 

'Onset of labour', which recorded women undergoing spontaneous labour or induced 

labour, had the highest missing value (14.8%) in the analysis. The level of 

completeness exceeded 85% for each variable included in the analysis. 

Among the whole study population, mean maternal age was 28.2 years 

(SD5.7 years); the median was 28.0 years (a range of 12 to 60 years). Mean 

gestational age was 39.0 weeks (SD=2.2 weeks) and median was 39.0 weeks. Mean 

birth weight was 3378.96 grams (SD=597.52 grams). Mean number of prenatal visits 
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was 8.5 (SD=3.3) and median was 9. Both mean and median of parity was 2.00 

(SD=1.3). 
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Table 7. Baseline characteristics of Alberta mothers who delivered between 1997 
and 2002 in Alberta 

Maternal Characteristics In % Total N* 

Type of delivery 

CD 42735 19.5 218795 

Maternal age group 

12-19 15082 6.6 

35-60 32036 14.1 227034 

Parity 

2ormore 133776 58.9 227034 

Type of labour 

Induced labour 54968 28.4 193329 

Gestational age (week) 

<37 18541 8.2 

>42 130 0.1 227034 

Birth weight (g) 

<2500 14319 6.3 

>4000 27607 12.2 227034 

Type of birth 

Multiple birth 6639 2.9 227034 
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Table 7. Baseline characteristics of Alberta mothers who delivered between 1997 
and 2002 in Alberta (continued) 

Maternal Characteristics n % Total N* 

Smoking 49889 23.2 214916 

Alcohol use 9399 4.3 216782 

Street drug use 3821 1.8 213683 

Prenatal visits <4 27993 12.3 227031 

Unmarried 40489 17.8 226890 

Aborted Pregnancies 

1 44987 20.4 

2 or more 37952 17.2 220395 

*Subgroup totals may not add up to total number of women because of missing data. 
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4.2.2 Characteristics of Mother with Cesarean Delivery in Comparison to Those 
without Cesarean Delivery 

The characteristics of mothers with CD and without CD are listed in Table 8. 

The total number of mothers with CD was 42,735 from 1997 to 2002 in Alberta 

representing 19.5% of all live births, which were delivered in hospital, at home, at 

nursing homes, in auxiliary hospital and en route. 

Table 8 reveals that with respect to maternal characteristics, women who 

underwent CD were significantly more likely to a) be 35 years or older, b) be 

nulliparous, 

c) have had labour induction, d) have babies with gestational age less than 37 weeks 

or more than 42 weeks, e) have low birth weight or heavy infants, f) have multiple 

births, 

h) be non-smokers, i) not consuming alcohol, j) not use illicit drugs, k) have had less 

than four times prenatal visits , 1) be married and g) have aborted one or more 

pregnancies (all p<O.001). 
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Table 8. Characteristics of mothers with cesarean delivery (CD) in comparison 
to those without CD, Alberta, 1997-2002 combined 

Characteristics CD No CD OR 95% CI 

n % within n %within 

CD not CD 

Maternal age group 

<=19 1826 4.3 12676 7.2 0.63* 0.59,0.66 

20-34(ref) 32484 76.0 140885 80.0 1.00 

>=35 8425 19.7 22499 12.8 1.62* 1.58,1.67 

Parity 

1 20172 47.2 69513 39.5 1.37* 1.40,1.34 

2 or more (ref) 22563 52.8 106547 60.5 1.00 

Type of labour 

Spontaneous labour (ref) 13441 60.9 121813 73.1 1.00 

Induced labour 8636 39.1 44933 26.9 1.74* 1.69,1.79 

Gestational age (wks) 

<37 6003 14.0 11846 6.7 2.27* 2.19,2.34 

37-42(ref) 36703 85.9 164114 93.2 1.00 

>42 29 0.1 100 0.1 1.30 0.86,1.96 

Birth weight (g) 

<2500 5064 11.8 8721 5.0 1.33* 1.29,1.37 

2500-4000(ref) 31746 74.3 146696 83.3 1.00 

>4000 5925 13.9 20643 11.7 2.68* 2.59,2.78 

Type of birth 

Singleton (ref) 39579 92.6 172834 98.2 1.00 

Multiple 3156 7.4 3226 1.8 4.27* 4.06,4.49 

CI= confidence interval, OR= odds ratio, Reference category (ref),* Significant at 

p<0.05 
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Table 8. Characteristics of mothers with cesarean delivery (CD) in comparison 
to those without CD, Alberta, 1997-2002 combined (continued) 

Characteristics CD No CD OR 95% CI 

n % within n %within n 

CD not CD 

Smoking 

No (ref) 31522 78.6 128210 76.4 1.00 

Yes 8562 21.4 39647 23.6 0.88* 0.86,0.90 

Alcohol use 

No  38952 96.1 161839 95.5 1.00 

Yes 1566 3.9 7545 4.5 0.86* 0.82,0.91 

Street drug use 

No (ret) 39343 98.4 163923 98.2 1.00 

Yes .. 627 1.6 3052 1.8 0.86* 0.79,0.93 

Prenatal visits 

<4 (ref) 5088 11.9 22276 12.7 1.00 

>=4 37647 88.1 153784 87.3 1.07* 1.04,1.11 

Marital status 

Yes (ref) 36235 84.9 143378 81.5 1.00 

No 6467 15.1 32591 18.5 0.79* 0.76,0.81 

Aborted Pregnancies 

No (ret) 25971 60.8 110573 62.8 1.00 

1 9170 21.5 35783 20.3 1.09* 1.06,1.12 

2ormore 7594 17.8 29704 16.9 1.09* 1.06,1.12 

CI= confidence interval, OR= odds ratio, Reference category (ref),* Significant at 

p<0.05 
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4.2.3 Mean Differences of Maternal Characteristics 

Table 9 contains a comparison of mean difference of maternal age, parity, 

gestational age, infant birth weight and prenatal visits of women with or without CD. 

The standard deviations (SD), which describe the sample variation, are also presented. 

Mothers with CD had significantly higher mean maternal age, lower 

gestational age, birth weight and parity than mothers without CD. However, no 

statistically significant differences were found for the mean prenatal visits at the p< 

0.05 level. 

Mean maternal age was 1.6 years higher in mothers with CD compared with 

mothers without CD (p<O.00 1). Mean gestational age for those who experienced CD 

was 0.7 weeks shorter than those who did not experienced CD (p<O.00 1). 

Additionally, mean infant birth weight was 100 grams lower and the average parity 

was also slightly lower in CD group compared to non-CD group (p<O.00l). However, 

the difference for prenatal visits was not significant (p>O.05) between the two groups. 
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Table 9. Mean differences of maternal and infant characteristics between 
cesarean delivery and not cesarean delivery (CD), Alberta, 1997-2002 combined 

CD Not CD Significance 

Mean SD Mean SD p 

Maternal age (years) 29.5 5.64 27.9 5.62 <0.001 

Parity 1.8 1.85 2.0 1.24 <0.001 

Gestational age (wks) 38.4 2.59 39,1 2.04 <0.001 

Birth weight (gms) 3297.9 732.67 3397.9 558.30 <0.001 

Prenatal visits 8.50 3.24 8.50 3.24 0.982 

SD= standard deviation 
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4.2.4 Characteristics of Maternal Age 

Since advancing maternal age is a key predictor of CD, this section provides 

an overview of the annual change, regional variation and other characteristics of 

maternal age. 

4.2.4.1 The Distribution of Maternal Age 

The distribution of maternal age of the childbearing population in Alberta 

from 1997 to 2002 is illustrated in Figure 2. When the maternal age was regard as a 

continuous variable, the distribution was close to normal. 

4.2.4.2 Annual Changes of Maternal Age 

Table 10 and Figure 3 show that patterns of childbearing age in Alberta have 

changed with time. The proportion of women aged 19 or less gradually declined from 

1997 to 2002 while the proportion of women aged 35 and greater slightly increased, 

reaching a peak at year 2000, after which the percentage gradually decreased. The 

percentage of women aged 20 to 34 only slightly changed. 
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Table 10. Percentage of different maternal age groups, Alberta, 1997-2002 

Year of Age Group (Years) Total 

Birth <=19 20-34 >=35 

n % n % n % N 

within within within 

Year Year Year 

1997 2618 7.1 29456 79.5 4977 13.4 37051 

1998 2676 7.0 30265 79.6 5066 13.3 38007 

1999 2667 7.0 30216 79.8 5432 14.2 38315 

2000 2486 6.7 29220 78.6 5454 14.7 37160 

2001 2374 6.3 29876 79.1 5502 14.6 37752 

2002 2261 5.8 30833 79.7 5605 14.5 38749 

Total 15082 6.6 179916 79.2 32036 14.1 227034 

Linear-by-Linear Association p<O.00l trend 
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4.2.4.3. Regional Variations of Maternal Age 

4.2.4.3.1 Mean Maternal Age Comparison 

When comparing residence of health regions (Table 11), the highest mean age 

was 29.4 years (95% CI 29.3, 29.4) in Calgary and the lowest mean age was 26.3 

years (95% CI 26.2, 26.4) in Northern Lights. The mean age of Capital region was 

28.5 (95% CI 28.5, 28.6). 
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Table 11. Mean maternal age by region of residence, Alberta, 1997-2002 
combined 

Region of Residence Number Mean 95% CJ 

Chinook 12090 27.06 26.96,27.16 

Palliser 7337 27.01 26.89,27.13 

Calgary 78082 29.35 29.31,29.39 

David Thompson 21319 27.01 26.93,27.08 

East Central 5696 27.95 27.81,28.09 

Capital 66463 28,51 28.47,28.55 

Aspen 14728 26.70 26.61,26.79 

Peace Country 11358 26.45 26.35,26.55 

Northern Lights 6878 26.30 26.17,26.43 

Total 223951 28.23 28.20,28.25 

CI= confidence interval 
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4.2.4.3.2 Regional Maternal Age Group Comparison 

Based on location of delivery, in comparison with other regions in Alberta, 

Calgary had the lowest percentage (4.4%) among women aged 19 and younger and 

the highest percentage (18.1%) among women aged 35 and greater (Table 12). 
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Table 12. Maternal age group by region of residence, Alberta, 1997-2002 
combined 

Region of Birth Maternal Age Groups Total 

<=19 20-34 >=35 

n % n % n % N 

Chinook 1061 8.8 9746 80.6 1284 10.6 12091 

Palliser 548 7.5 6150 83.8 640 8.7 7338 

Calgary 3463 4.4 60478 77.4 14147 18.1 78088 

David Thompson 1902 8.9 17310 81.2 2107 9.9 21319 

East Central 320 5.6 4700 82.5 676 11.9 5696 

Capital 3935 6.9 52623 79.2 9909 14.9 66467 

Aspen 1522 10.3 9195 80.9 962 8.5 11360 

Peace Country 1203 10.6 9195 80.9 962 8.5 11360 

Northern Lights 802 11.7 5484 79.7 593 8.6 6879 

Total 14756 6.6 177549 79.3 31663 14.1 223968 
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4.2.4.4 Characteristics of different age groups 

Table 13 contains a comparison of maternal characteristics in different age 

groups. We observed that the proportion of births delivered by CD, aborted 

pregnancies and two or more multiple births rose continuously with maternal age 

(p<0 .00 1 trend). We also found that the proportion of women who delivered their first 

baby, smoked, consumed alcohol, attended fewer than four prenatal visits and were 

unmarried decreased with advancing age (p<O.001 trend). The prevalence of birth 

weight less than 2500 grams and gestational age less than 37 week were significantly 

higher both among women aged 19 or younger and womeri aged 35 or older compared 

to women aged 20 to 34 (p<O.001). 
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Table 13. Maternal characteristics for mothers within different age groups, 
Alberta, 1997-2002 combined 

Characteristics Age Group (Years) Total 

<=19 20-34 >=35 

n % n %n % N % 

Cesarean delivery 

No 12676 87.4 140885 80.3 22499 72.8 176060 80.5 

Yes 1826 12.6 32484 18.7 8425 27.2 42735 19.5 

Parity 

1 12352 81.9 73080 40.6 7826 24.4 93258 41.1 

2ormore 2730 18.1 106836 59.4 24210 75.6 133776 58.9 

Type of labour 

Spontaneous labour 9993 74.1 110117 71.5 18251 70.5 138361 71,6 

Induced labour 3478 25.9 43840 28.5 7641 29.5 48313 30.2 

Gestational age (wks) 

<37 1322 8.8 14093 7.8 3126 9.8 18541 8.2 

37-42 13745 91.1 165724 92.1 28894 90.2 208363 91.8 

>42 99 0.1 15 0.1 16 0.0 130 0.1 

Birth weight (gms) 

<2500 1.93 7.2 10685 5.9 2541 7.9 14319 6.3 

2500-4000 12445 82.5 147164 81.8 25499 79.6 185108 81.5 

>4000 1544 10.2 22067 12.3 3996 12.5 27607 12.2 

Type of birth 

Singleton 14885 97.2 174855 97.2 30655 95.7 220395 97.1 

Multiple 197 1.3 5061 2.8 1381 4.3 6639 2.9 
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Table 13. Maternal characteristics for mothers within different age groups, 
Alberta, 1997-2002 combined (continued) 

Characteristics Age Group (Years) Total 

<=19 20-34 >=35 

n % n %n % N 

Smoking 

No 6081 44.8 132877 77.9 26069 84.6 165027 76.8 

Yes 7482 55.2 37675 22.1 4732 15.4 49889 23.2 

Alcohol use 

No 12668 90.1 165094 96.1 29621 96.1 207383 95.7 

Yes 1399 9.9 6786 3.9 1214 3.9 9399 4.3 

Street drug use 

No 12720 92.3 166953 98.5 30189 99.2 209862 98.2 

Yes 1056 7.7 2535 1.5 203 0.8 3821 1.8 

Prenatal visits (# 

>=4 8331 87.6 131018 93.4 27395 94.3 166744 93.2 

<4 1182 12.4 9308 6.6 1652 5.7 1652 6.8 

Marital status 

Yes 6063 40.3 151153 84.1 29185 91.2 186401 82.2 

No 8995 59.7 28663 15.9 2831 8.8 4.489 17.8 

Aborted Pregnancies 

No 11173 74.1 113554 63.1 16675 52.1 141402 62.3 

1 2017 13.4 36389 20.2 8066 25.2 46472 20.5 

2ormore 1829 12.5 29973 16.7 7295 22.8 39160 17.2 
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4.3 Potential Risk Factors for Cesarean Delivery among Different Maternal Age 
Groups 

Q3. What were the risk factors for CD among women within defined age cohorts (age 

less than or equal to 19, 20 to 34, and greater than or equal to 35)? 

Data were analyzed from 227,034 deliveries and maternal age was categorized 

into three groups (age less than or equal to 19, 20 to 34, and greater than or equal to 

35) according to the literature (3 5;68;97).The potential risk factors for CD within age 

groups were compared by using bivariate(section 4.3.1 and 4.3.2) as well as 

multivariate logistic regression analysis( section 4.3.3). 

4.3.1 Difference in Maternal Characteristics of Cesarean Delivery among Different 
Age Groups 

Table 14,15,16 compare the maternal characteristics of women who 

underwent CD within age groups (age less than or equal to 19, 20 to 34, and greater 

than or equal to 35). 
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Table 14. Maternal characteristics of cesarean delivery (CD) among women aged 
less than or equal to 19 years group, Alberta, 1997-2002 combined 

<19 Years Group 

Characteristics CD Not CD 

n % n % 

Parity 

1 1532 83.9 10335 81.5 

2 or more 294 16.1 2341 18.5 

Type of labour 

Spontaneous labour 735 69.1 8997 75.3 

Induced labour 453 38.1 2944 24.7 

Gestational age (wks) 

<37 281 15.4 993 7.8 

37-42 1542 84.4 11671 92.1 

>42 3 0.2 12 0.1 

Birth weight (gms) 

<2500 263 14.4 793 6.3 

2500-4000 1266 69.3 10694 84.4 

>4000 297 16.3 1189 9.4 

Type of birth 

Singleton 1759 96.3 12552 99.0 

Multiple 67 3.7 124 1.0 
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Table 14. Maternal characteristics of cesarean delivery (CD) among women 
aged less than or equal to 19 years group, Alberta, 1997-2002 combined 
(continued) 

<=19 Years Group 

Characteristics CD Not CD 

n % n % 

Smoking 

No 732 44.9 5137 44.8 

Yes 899 55.1 6335 55.2 

Alcohol use 

No 1525 89.9 10704 90.0 

Yes 171 10.1 1192 10.0 

Street drug use 

No 1541 92.9 10757 92.2 

Yes 118 7.1 905 7.8 

Prenatal visits (#) 

>=4 1551 84.9 10519 83.0 

<4 275 15.1 2157 17.0 

Marital status 

Yes 784 43.0 5026 39.7 

No 1039 57.0 7632 60.3 

Aborted Pregnancies 

No 1334 73.1 9450 74.6 

1 235 12.9 1702 13.4 

2ormore 257 14.1 1524 12.0 
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Table 15. Maternal characteristics of cesarean delivery (CD) among women aged 
20 to 34 years group, Alberta, 1997-2002 combined 

20-34 Years Group 

Characteristics CD Not CD 

n % n % 

Parity 

1 15712 48.4 54561 38.7 

2 or more 16772 51.6 86324 61.3 

Type of labour 

Spontaneous labour 10260 60,6 97390 73.0 

Induced labour 6670 39.4 36027 27.0 

Gestational age (wks) 

<37 4401 13.5. 9148 6.5 

37-42 28063 86.4 131659 93.5 

>42 20 0.1 78 0.1 

Birth weight (gins) 

<2500 3661 11.3 6609 4.7 

2500-4000 24224 74.6 117647 83.6 

>4000 4599 14.2 16629 11.8 

Type of birth 

Singleton 30141 92.8 138376 98.2 

Multiple 2343 7.2 2509 1.8 
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Table 15. Maternal characteristics of cesarean delivery (CD) among women aged 
20 to 24 years age, Alberta, 1997-2002 combined (continued) 

20-24 Years Group 

Characteristics CD Not CD 

n % n % 

Smoking 

No 24065 79.0 104539 77.7 

Yes 6401 21.0 29996 22.3 

Alcohol use 

No 29692 96.4 130156 96.0 

Yes 1119 3.6 5456 4.0 

Street drug use 

No 29961 98.5 131737 98.5 

Yes 443 1.5 1992 1.5 

Prenatal visits (#) 

>=4 28732 87.4 123852 87.9 

<4 3752 11.6 17033 12.1 

Marital status 

Yes 27804 85.7 117818 83.7 

No 4465 14.3 23007 16.3 

Aborted Pregnancies 

No 20285 62.4 89378 63.4 

1 6762 20.8 28440 20.2 

2 or more 5437 16.7 23067 16.4 
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Table 16. Maternal characteristics of cesarean delivery (CD) among women aged 
35 and older group, Alberta, 1997-2002 combined 

>35 Years Group 

Characteristics CD Not CD 

n % n 

Parity 

1 2928 34.8 4617 20.5 

2 or more 5497 65.2 17882 79.5 

Type of labour 

Spontaneous labour 2446 61.8 15426 72.1 

Induced labour 1513 38.2 5962 27.9 

Gestational age (wks) 

<37 1321 15.7 1705 7.6 

37-42 7098 84.2 20784 92.4 

>42 6 0.1 10 0.0 

Birth weight (gms) 

<2500 1140 13.5 1319 5.9 

2500-4000 6256 74.3 18355 81.6 

>4000 1029 12.2 2825 12.6 

Type of birth 

Singleton 7679 91.1 21906 97.4 

Multiple 746 8.9 593 2.6 
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Table 16. Maternal characteristics of cesarean delivery (CD) among women aged 
35 and older group, Alberta, 1997-2002 combined (continued) 

>35 Years Group 

Characteristics CD Not CD 

Smoking 

No 6725 84.2 18534 84.5 

Yes 1262 15.8 3316 15.2 

Alcohol use 

No 7735 96.6 20979 95.9 

Yes 276 3.4 897 4.1 

Street drug use 

No 7841 99.2 21492 99.3 

Yes 66 0.8 155 0.7 

Prenatal visits (#) 

>=4 7364 87.4 19413 86.3 

<4 1061 12.6 3086 13.7 

Marital status 

Yes 7647 90.8 20543 91.3 

No 773 9.2 1952 8.7 

Aborted Pregnancies 

No 4352 51.7 11745 52.2 

1 2173 25.8 5641 25.1 

2ormore 1900 22.6 5113 22.7 
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4.3.2 Unadjusted Odds Ratios of Cesarean Delivery among Different Age Groups 

Table 17 presents the odds ratios and 95% confidence intervals for CD risk 

factors within each age group. 

Among women aged 19 or younger, there was a 1.9—fold higher risk of CD 

when labour was induced and 1.2-fold of higher risk of CD for those having a first 

delivery. The OR of CD was 2.41 (95%CI 1.86,2.47) for preterm versus term 

delivery. Birth weight less than 2500 grams increased the risk of CD, with an OR of 

2.8 (95%CI 2.41, 3.26). Similarly birth weight more than 4000 grams increased the 

risk of CD, with an OR of 2.11(95%CI 1.84, 2.43). CD was almost four times more 

frequent among women who delivered multiple births compared with a singleton birth. 

Women who underwent two or more abortions in the past had a 20% increase in the 

risk of CD compared with women who had never had an abortion. Unmarried women 

had a 13% reduction in the risk of CD compared with married women. No significant 

relationships were found between CD and gestational age more than 42 weeks, one 

aborted pregnancy, smoking, alcohol consumption and street drug use. 

Among women aged 20 to 34, women undergoing induction of labour had a 

76% increase in the risk of CD as compared to women undergoing spontaneous 

labour. For mothers delivering their first infants, there was a 48% increase in the risk 

of CD. Smokers were at less risk of CD than non-smokers (OR=0.93; 95% CI 0.90, 

0.96). Similarly, mothers who consumed alcohol were at less risk than women who 

did not (OR=0.93; 95% CI 0.90, 0.96). No significant association was found between 

street drug use and CD in this group. CD was significantly increased in preterm birth 

but not postterm birth as compared to term birth. Both birth weight less than 2500 
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grams and more than 4000 grams were found to be associated with an increased 

risk of CD. CD was 4.3 times more frequent among women who delivered multiple 

births compared with a singleton birth. Unmarried women were less likely to have CD. 

Less than 4 prenatal visits and 2 or more previous abortions slightly increased the risk 

of CD. 

Among women aged 35 or greater, there was a 1.6—fold higher risk of CD 

among mothers undergoing labour induction and two-fold increased risk of CD when 

mothers delivered first babies at age 35 years and older. Gestational age less than 37 

weeks, birth weight less than 2500 grams and multiple births significantly increased 

the risk of CD. Statistically, only alcohol consumption had a protective effect on the 

risk of CD in the same group. A moderate difference was observed between prenatal 

visits more than or equal to four times and fewer than four times. Other factors did not 

show any statistical relationships with CD in this group. 

Therefore, the bivariate analysis revealed that induced labour, nulliparity, 

gestational age less than 37 weeks, birth weight less than 2500 grams and multiple 

births were significantly associated with CD in all age groups. 
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Table 17. Unadjusted odds ratio (OR) for cesarean delivery among mothers with 
liveborn singletons within different age groups, Alberta, 1997-2002 combined 

<=19 20-34 >=35 
Variables OR 95% CI OR 95% CI OR 95% CI 
Parity  
1 
2 or more (ref) 
Type of labour 
Spontaneous (ref) 1.00 
Induced labour 1.88* 1.66,2.13 1.76* 1.70,1.82 1.60* 1.49,1.72  
Gestational age (wks)  
<37 2.41* 1.86,2.47 2.26* 2.17,2.35 2.70* 2.10,2.45  

37-42(ref) 1.00 1.00 1.00  
>42 1.89 0.53,6.71 1.20 0.74,1.97 1.76 0.64,4.84  
Birth weight (gms)  
<2500 2.80* 2.41,3.26 1.34* 1.30,1.40 2.54* 2.33,2.76  

2500-4000(ref) 1.00 1.00 1.00  
>4000 2.11* 1.84,2.43 2.70* 2.58,2.80 1.07 0.99,1.15  

Type of birth  
Singleton (ref) 1.00 1.00 1.00  
Multiple 3.86* 2.85,5,21 4.29* 4.05,4.54 3,59* 3.21,4.01  

Smoking  
No(ref) 1.00 1.00 1.00  
Yes 1.00 0.9,1.10 0.93* 0.90,0.96 1.05 0.98,1.13  

Alcohol use  
No(ref) 1.00 1.00 1.00  
Yes 1.00 0.85,1.19 0.90* 0.84,0.96 0.84* 0.73,0.96 
Street drug use  
No(ref) 1.00 1.00 1.00  
Yes 0.91 0.75J. 11 0.98 0.88,1.09 1.16 0.87,1.56 

Prenatal visits (#)  

1.18* 1.03,1.35 1.48* 1.45,1.52 2.06* 1.95,2.18 

1.00 1.00 1.00 

1.00 1.00 

>=4 (ref) 1.00 
<4 
Marital status 
Yes(ref) 1.00 1.00 1.00 
No 0.87* 0.79,0.96 0.86* 0.23,0.89 1.06 0.97,1.16 

Aborted Pregnancies  
No(ref) 1.00 1.00 1.00 
1 0.98 0.84,1.03 1.04 1.00,1.07 1.04 0.98,1.11 
2 or more 1.20* 1.03,1.38 1.05* 1.02,1.08 1.00 0.96,1.11 
CI= confidence interval, OR= odds ratio, Reference category (ref),* Significant at 

p<0.05 

1.00 1.00 
1,16 1.00,1.33 1.05* 1.01,1.09 1.10* 1.02,1.20 
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4.3.3 Logistic Regression Analysis for Cesarean Delivery among Different Age 
Groups 

In order to compare risk factor differences for each age group, the probability 

of CD as a function of all potential risk factors was modeled, separately for each age 

group. The results of three final logistic regression models according to maternal age 

are presented in Table 18. 

11,038 women aged 19 and younger, 135,246 women aged 20 to 34 and 

23,002 women aged 35 and older were included in each model, respectively, with no 

missing information on maternal characteristics. Nine independent variables 

including nulliparity, induced labour, preterm birth, smoking, alcohol consumption, 

illicit drug use, less than four prenatal visits, unmarried status, history of previous 

abortion and interaction between smoking and alcohol consumption were considered 

for inclusion in the first step. The interaction terms were found to be statistically non-

significant (p>O.05) in each model, so were not retained in these models. All other 

variables were included in the final models. 

The multivariate logistic regression analysis showed the following three 

variables to be significant in all age categories: nulliparity, induced labour and 

gestational age <37 weeks; however, odds ratios and confidence intervals varied. The 

most significant risk factor was nulliparity, with ORs of 3.65(95% CI 3.38, 3.94), 

2.92(95% CI 2.82, 3.04) and 2.01(95% CI 1.62, 2.51) for mothers aged 35 and older, 

20 to 34, and 19 and younger, respectively. Both labour induction and gestational age 

less than 37 weeks significantly increased the risk of CD in all age categories, 

although odds ratios varied. The positive effects of married and aborted pregnancies 
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on CD were only evident among women aged 20 to 34. Smoking was not 

statistically significant in the final models. 
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Table 18. Adjusted odds ratio (OR) for cesarean delivery among mothers with 
liveborn singletons within different age groups, Alberta, 1997-2002 combined 

<=19 20-34 >=35 

Variables OR 95% CI OR 95% CI OR 95% CI 
Type of labour 

Spontaneous(ref) 1.00 1.00 1.00 

Induced labour 1.93* 1.68,2.21 1.80* 1.74,1.87 1.52* 1.41,1.65 

Parity 

1 2.01* 1.62,2.51 2.92* 2.82,3.04 3.65* 3.38,3.94 

2ormore(ref) 1.00 1.00 1.00 

Gestational age (wks) 

<37 1.82* 1.47,2.26 1.78* 1.67,1.89 1.94* 1.72,2.20 

37-42(ref) 1.00 1.00 1.00 

>42 2.87 0.77,10.78 1.23 0.63,2.42 1.96 0.57,6.78 

Smoking 

No(ref) 1.00 1.00 1.00 

Yes 1.08 0.94,1.24 0.98 0.93,1.02 1.02 0.91,1.14 

Alcohol use 

No(ref) 1.00 1.00 1.00 

Yes 0.93 0.72,1.19 0.94 0.85,1.03 0.81 0.66,1.00 

Street drug use 

No(ref) 1.00 1.00 1.00 

Yes 1.02 0.78,1.34 1.08 0.93, 1.23 1.30 0.84,1.99 

Prenatal visits (#) 
>=4 (ref) 1.00 1.00 1.00 

<4 1.11 0.93,1.34 0.98 0.93,1.04 1.02 0,91,1.14 

Marital status 

Yes(ref) 1.00 1.00 1.00 

No 0.92 0.81,1.05 0.90* 0.85,0.95 1.12 0.98,1.27 

Aborted Pregnancies 

No(ref) 1.00 1.00 1.00 

1 0.96 0.79,1.18 1.14* 1.09,1.19 1.06 0.97,1.17 

2 or more 1.15 0.93,1.42 1.09* 1.03,0.95 1.08 0.98,1.19 

Total  11038 135246 23002 

CI= confidence interval, OR= odds ratio, Reference category (ref),* Significant at 

p<0.05 
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4.4 Potential Risk Factors for Cesarean Delivery in Spontaneous and Induced 
Labour Groups 

Q4. Did maternal risk factors for CD differ in cases of spontaneous and induced 

labour? 

To facilitate comparison of risk factors between those who had a spontaneous 

compared to an induced labour, both bivariate analysis (section 4.4.1 and 4.4.2) and 

multivariate logistic regression analysis (section 4.4.3) were undertaken. 

4.4.1 Difference in Maternal Characteristics of Cesarean Delivery between 
Spontaneous and Induced Labour Groups 

Table 19 shows maternal characteristics, separately for the spontaneous and 

induced labour subgroups. Prevalence of each risk factor in the presence and absence 

of CD groups were compared; the risk factors for CD were found to be consistent, 

regardless of labour type (p<O.00l). 
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Table 19. Comparison of maternal characteristics of mothers with cesarean 
delivery (CD) between spontaneous and induced labour, Alberta, 1997-2002 

Characteristics Induced Labour Spontaneous Labour 

CD Not CD CD Not CD 

n % n % n % n % 

Maternal age 

12-19 453 5.2 2944 6.6 735 5.5 8997 7.4 

20-34 6670 77.2 36027 80.2 10260 76.3 97390 80.0 

>=35 1513 17.5 5962 13.3 2446 18.2 15426 12.7 

Parity 

1 6085 70.5 18253 40.8 7497 55.8 47341 38.9 

2ormore 2551 29.5 26580 59.2 5944 44,2 74472 61.1 

Gestational age 

<37 674 7.8 2891 6.4 2352 17.5 8911 6.7 

37-42 7951 92.1 42011 93.5 11082 82.4 113550 93.2 

>42 11 0.1 31 0.1 7 0.1 64 0.1 

Birth weight 

<2500 659 7.6 2484 5.5 1868 13.9 5690 4.7 

2500-4000 6222 72.0 35826 79.7 9795 72.9 103134 84.7 

>4000 1755 20.3 6623 14.7 1778 13.2 12989 10.7 

Type of birth 

Singleton 8273 95.8 43604 97.0 12418 92.4 120155 98.6 

Multiple 363 4.2 1329 3.0 1023 7.6 1658 1.4 
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Table 19. Comparison of maternal characteristics of mothers with cesarean 
delivery (CD) between spontaneous and induced labour, Alberta, 1997-2002 
(continued) 

Characteristics Induced Labour Spontaneous Labour 

CD Not CD CD Not CD 

II % II n % n % 

Smoking 

No 6467 79.5 32646 76.1 9941 78.5 89025 76.5 

Yes 1663 20.5 10290 23.9 2716 21.5 27218 23.5 

Alcohol use 

No 8020 96.2 41790 95,6 12231 95.8 111875 95.5 

Yes 315 3.8 1902 4.4 532 4.2 5244 4.5 

Street drug use 

No 8111 98.4 42396 98.3 12365 98.0 113286 98.1 

Yes 134 1.6 730 1.7 247 2.0 2194 1.9 

Prenatal visits (#) 

>=4 7674 88.9 40000 89.0 11506 85.6 105233 86.4 

<4 962 11.1 4933 11.0 1936 14.4 16580 13.6 

Marital status 

Yes 7220 83.6 36769 81.9 11159 83.1 99088 81.4 

No 1412 16.4 8145 18.1 2269 16.9 22655 18.6 

Aborted 

No 5533 64.1 28195 62.7 8418 62.6 77032 63.2 

1 1804 20.9 9391 20.9 2837 21.1 24610 20.2 

2ormore 1299 15.0 7347 16.4 2186 16.3 20171 16.6 
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4.4.2 Unadjusted Odds Ratios of Cesarean Delivery Comparing Spontaneous and 
Induced Labour Groups 

Table 20 contains crude odds ratios of CD for women who experienced 

spontaneous labour and induced labour. A total of 169,286 women with CD 

underwent a trial of labour. 121,382 (71.7%) women in spontaneous labour group 

were compared with 47,904 (28.3%) women in induced labour group. 

The bivariate analysis revealed that CD was significantly related to maternal 

age less than or equal to 19, maternal age greater than or equal to 35, nulliparity, 

gestational age less than 37 weeks, birth weight less than 2500 grams and more than 

4000 grams, smoking and unmarried status among those with either induced or 

spontaneous labour. Gestational age greater than 42 weeks, less than four prenatal 

visits and alcohol consumption were not significantly associated with CD in either 

those with induced or spontaneous labour. 
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Table 20. Unadjusted odds ratio (OR) for cesarean delivery among mother 
with liveborn singletons who underwent spontaneous in comparison with 
induced labour, 1997-2002 combined 

Variables Induced Labour SDontaneous Labour 
OR 95% CI OR 95% CI 

Maternal age 
12-19 0.85* 0.77,0.94 0.80* 0.74,0.86 
20-34(ref) 1.00 1.00 
>=35  
Parity 
1 3.63* 3.45,3.82 2.20* 2.12,2.84 
2 or more (ref) 
Gestational age (wks) 
<37 1.19* 1.08,1.31 2.23* 2.09,2.37 
37-42(ref) 1.00 1.00 
>42 1.89 0.95,3.76 1.08 0.46,2.52 
Birth weight (gms) 
<2500 1.55* 1.46,1.64 1.48* 1.40,1.56 
2500-4000(ref) 
>4000 1.56* 1.41,1.72 2.66* 2.48,2.84 
Type of birth 
Singleton (ref) 
Multiple 1.44* 1.28,1.62 597* 5.51,6.47 
Smoking 
No(ref) 
Yes 0.82* 0.77,0.87 0.92* 0.86,0.95 
Alcohol use 

1.37* 1.28,1.46 1.51* 1.44,1.58 

1.00 1.00 

1.00 1.00 

1.00 1.00 

1.00 1.00 

No(ref) 
Yes 0.88 0.78,1.00 0.95 0.87,1.05 
Street drug use 
No(ref) 
Yes 0.95 0.78,1.15 1.03 0.89,1.18 
Prenatal visits (#) 
>=4 (ref) 
<4 1.02 0.94, 1.10 1.05 1.00, 1.10 
Marital status 

1.00 1.00 

1.00 1.00 

1.00 1.00 

Yes(ref) 
No 0.89* 0.83,0.94 0.91* 0.86,0.95 
Aborted Pregnancies 
No(ref) 
1 0.99 0.93,1.05 1.06* 1.01,1.11  
2 or more 0.91* 0.85,0.97 0.99 0.94,1.04  
CI= confidence interval, OR= odds ratio, Reference category (ref),* Significant at 

p<0.05 

1.00 1.00 

1.00 1.00 
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4.4.3 Logistic Regression Analysis of Cesarean Delivery for Induced Labour and 
Spontaneous Labour Groups 

Table 21 presents the results of two separate logistic regression models. These 

models were developed to assess risk factor differences between those who underwent 

spontaneous versus induced labour. These models were restricted to singleton, live 

births. Among women in the induced labour subgroup, 47,904 cases (90.0%) were 

included in the multivariate analysis, 5,320 cases (10.0%) were missing, while among 

those in spontaneous group, 121,282 cases (89.5%) were included in the analysis and 

14,236 cases (10.5%) were missing. 

The following nine variables were included in the analysis: maternal age, 

parity, gestational age, smoking, alcohol consumption, street drug use, less than four 

prenatal visits, unmarried status, and history of previous abortion. In addition, the 

interactions of maternal age with other independent variables, smoking and alcohol 

interaction were evaluated in the first models. In the final models non-significant 

interaction terms were eliminated. 

The analysis revealed that CD was significantly associated with nulliparity, 

maternal age greater than or equal to 35, gestational age less than 37 weeks, 

unmarried status, aborted pregnancy equal to one (all p<O.05) among women with 

labour induction and those who entered labour spontaneously; however, the 

magnitude of odds ratios and confidence intervals varied. The most significant 

positive predictor of CD regardless of labour type was nulliparity, with other 

significant positive predictors including maternal age greater than or equal to 35 years, 
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gestational age less than 37 weeks and history or abortion. Unmarried women, 

compared to married women, were at lower risk of CD, regardless of labour type. 

The characteristics associated with an increased risk of CD among those with 

induced labour also included maternal age less than or equal to 19, and a history of 

two or more of previous abortions. An interaction between maternal age greater than 

or equal to 35 and nulliparity was statistically significant in both induced and 

spontaneous labour groups. However, only the interaction terms of maternal age less 

than or equal to 19 with nulliparity and one abortion, respectively, were statistically 

significant in the induced labour group. The interaction between maternal age greater 

than or equal to 35 and unmarried status was significant in the spontaneous labour 

group. 

Logistic regression models showed that in the induced labour group, nulliparas 

aged 19 and younger were 2.29 (1.10*3.92*0.53=2.29) times more likely to have a 

CD, also nulliparas aged 35 and older were 5.95 (1.10*3.92*1.38= 5.95) times more 

likely to have CD compared with multiparas aged 20 to 34. Women who were 19 and 

younger and with a history of a previous abortion had 17% (1.10*1.14*0.66=0.83) 

reduction in risk of CD compared to women aged 20 to 34 and no abortion (See table 

for details). 

The model of the spontaneous labour group revealed that nulliparas aged 35 

and older were at 4.87-fold (1.68*2.48*1.17= 4.87) higher risk of CD compared with 

multiparas aged 20 to 34. Unmarried women aged 35 and older had an almost 2-fold 

(1.68*0.90*1.27= 1.92) higher risk of CD compared with married women aged 20 to 

34. 
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To summarize, this analysis reveals that maternal age 35 and over, nulliparity, 

gestational age less than 37 weeks, unmarried status and one previous abortion were 

significant predictors of CD in both the spontaneous and the induced labour groups. 

Furthermore, we found significant interactions between maternal age and parity in 

two groups, maternal age and one previous abortion in the induced labour group and 

maternal age and unmarried status in the spontaneous labour group. 
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Table 21. Adjusted odds ratio (OR) for cesarean delivery among mother with 
liveborn singletons who underwent spontaneous in comparison with induced 
labour, 1997-2002 combined 

Variables Induced Labour Spontaneous Labour 

OR 95% CT OR 9% CT 
Maternal age 
12-19 1.10 0.75.1.63 0.66* 0.50.0.87 
20-34(ref) 1.00 1.00 
>=35 1.40* 1.23.1.59 1.68* 1.54.1.84 
Parity 
1  
2 or more(ref) 
Gestational age (wks 
<37 1.19* 1.09.1.32 2.23* 2.09.2.37 
37-42(ref) 1.00 1.00 
>42 2.00 0.97.4.17 1.08 0.46.2.52 
Smoking 
No(ref) 
Yes 
Alcohol use 
No(ref) 
Yes 
Street drug use 
No(ref) 
Yes 
Prenatal visits (Th 
>=4 (ref) 
<4 
Marital status 
Yes(ref) 
No 0.91* 0.84.0.98 Ø•9Ø* 0.84.0.96 
Aborted Pregnancies 
No(ref) 
1 1.14* 1.06.1.22 1.14* 1.08.1.21  
2ormore 1.13* 1.04.1.23 1.06 1.00.1.14 
Maternal age and Daritv 
12-19 and naritv1 
20-34 and Daritv>1(ref) 
>=35 and taritv=1 1.38* 1.20.1.53 1.17* 1.05.1.31 
Maternal age and abortion 
20-34 and no abortion(ref) 1.00 
12-19 and aborts=1 0.66* 0.46.0.92 - 

Maternal age and marital status 
20-34 and Married(ref) 1.00 
>=3 5 and Unmarried 1.27* 1.07.1.51 
Total n 

3.92* 3.68.4.17 2.48* 2.37.2.59 
1.00 1.00 

1.00 1.00 
0.97 0.90.1.03 1.00 0.95.1.06 

1.00 1.00 
0.86 0.75.1.00 0.94 0.84.1.04 

1.00 1.00 
1.07 0.86.1.33 1.09 0.93.1.28 

1.00 1.00 
1.05 0.97.1.14 0.98 0.92.1.04 

1.00 1.00 

1.00 1.00 

0.53* 0.37.0.86 0.80 0.62.1.05 
1.00 1.00 

47904 121382 
CI= confidence interval, OR= odds ratio, Reference category (ref),* Significant at 

p<0.05 
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Chapter Five: Discussion 

There are four sections in this chapter. Section 5.1 will discuss the 

interpretation of the study results. Section 5.2 will identify the strengths and weakness 

of the study. Section 5.3 will provide a summary and conclusion and the final section 

will provide suggestions for future research. 

5.1 Discussion of the Results 

5. 1.1 CD rates from 1997 to 2002 in Alberta 

As noted before, provincial CD rates and maternal age-specific CD rates 

increased steadily from 1997 to 2002 in Alberta (89); Regional CD rates from 1998 to 

2000 reported by Alberta Health and Wellness revealed substantial differences 

between health regions. CD rates of induced and spontaneous labour groups were 

compared in a retrospective cohort study in a metropolitan area by Heffner et al. (69); 

however, no published literature has reported these data from Alberta. 

The difference between CD rates according to region of residence 

compared to region of birth could be attributed to the practice of transferring high-risk 

mothers from other regions to larger centres (Edmonton and Calgary), which would 

result in CD rates based on region of birth being higher than region of residence. In 

total, 454 mothers who lived in other regions delivered in the Calgary Health Region, 

which represented 2.8% of all CD deliveries performed in this region. Moreover, 
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2161 mothers who lived in other regions delivered in Capital region, which 

represented 15.8% of all CD deliveries performed in this region (Table 6). The 

majority of women who lived in other regions and delivered in Calgary or Edmonton 

had characteristics of 'high risk'. The increased demand for level II and level ifi 

facilities (e.g., equipment and facilities to monitor fetal heart rates electronically, 

special care nurseries, obstetrical beds and neonatal intensive care area) associated 

with out-of-region patterns of service delivery needs to be properly accounted for and 

resourced. 

5.1.2 The Impact of Maternal Age on Cesarean Delivery 

As expected, the CD rate increased with advancing maternal age in the 

bivariate analysis (Table 8) (1;29;54;82;89;98-100). Although the underlying 

mechanism for a varying CD rate by maternal age is not well known, there is an 

age related increase in the incidence of CD risk factors, including medical 

complications such as hypertension, diabetes, preeclampsia and other antenatal 

complications. (3;25;29;38;40). Additionally, labour and delivery factors such as 

an increased duration of second stage labour, which has traditionally been defined 

as the period from full cervical dilation to the birth of the baby (11), is known to 

increase among older women (29; 101). Unfortunately, we do not have the data to 

control for medical complications to assess the independent effect of age on CD as 

this data were unavailable(29). Similar to these findings, Poma (35) found that 

older women had a statistically significant higher CD rate (31.2%) than women 

aged 20 to 35year5 (20.3%) and aged 19 years or younger (14.0%), which he 
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attributed to increases in breech presentation and shoulder dystocia in older 

mothers. 

5.1.3 Predictors of Cesarean Delivery among Different Maternal Age Groups 

To understand how risk factors for CD varied by maternal age, both 

bivariate and logistic regression analysis were completed. Despite some 

variability in the bivariate analysis across age group, only nulliparity, gestational 

age less than 37 weeks and induced labour remained significant in the multivariate 

modeling (Table 17, Table 18). 

The different results from the two types of analysis could be partially 

explained by the following: first, the multivariate analysis was restricted to 

singleton births, so the sample characteristics were somewhat changed between the 

bivariate and regression analysis. Second, the multivariate analysis controlled for 

potential confounders; therefore this would be a more reliable method of 

identification of key risk factors. 

Although the methodology differed from other studies because our data 

were analyzed by age group and there was assessment of possible effect modifiers 

in our models, most of our findings confirmed the associations that have been 

shown in previous reports. Nulliparity was found to be a highly significant 

predictor of CD in this research. Although the finding cannot establish causation, it 

agreed with other studies (3;29;35;52;54;79;82;102). Joseph et al. (3) analyzed all 

deliveries (N=127,564) in Nova Scotia between January 1, 1998 and December 31, 

2000 from the Nova Scotia Atlee Perinatal Database and found that reduced parity 
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was an increased risk factor of CD. Broster (55) also confirmed that nulliparity 

was a significant contributor to CD with the use of multiple regression analysis, 

although the reasons were less well described. 

Moreover, this study and other studies confirmed gestational age less 

than 37 weeks as an important risk factor for CD (23;70;103-105). Schiff (23), 

who examined factors for CD among American Indian Women in New Mexico 

using birth certificate data from liveborn infants, reported that premature babies 

were twice as likely to be delivered by CD than term babies. Unfortunately, this 

study had a smaller sample size (N= 3645) and did not evaluate the interaction 

between maternal age and other variables in the multivariate model. A report 

from Vital and Health Statistics of the United States (23) demonstrated the highest 

CD rates occurred among infants with a gestational age less than 37 weeks and 

the peak rate of CD occurred between gestational ages of 28 to 31 weeks. The 

rational for an increased number of CD in preterm infants relates to the high rate of 

antenatal and perinatal complications in this group, the attempts by caregivers to 

attain a neuroprotective effect through CD and possibly the association with 

multiple births. 

The results of the current study were fairly consistent with the results 

of many previous studies in that induced labour was correlated with CD (23;27;56-

63;106-108). Xenakis et al. (106) conducted a prospective study in the United States, 

excluding patients with either elective or emergency indications for CD and found 

that women who underwent labour induction were at least two times more likely to 

experience CD than women who entered labour spontaneously. Seyb et al. (108) 
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conducted a cohort study of 1562 term nulliparity deliveries in the United States 

between 1996 and 1997 and using stepwise multiple logistic regression they 

reported that elective and medical induction increased the risk of CD, with ORs of 

1.89 (95% CI: 1.12, 3.18), and 1.69 (95% CI: 1.13, 2.54) respectively. 

It may be possible to offer early CD to patients at highest risk, reducing the 

potential morbidity of a long labour or a failed operative vaginal delivery followed 

by a later CD. Therefore, studying indications for CD in each age group should be 

very useful for hospitals, clinicians, and researchers to identify women at risk. 

5.1.4 Predictors of Cesarean Delivery in Spontaneous and Induced Labour Groups 

To determine if risk factors for CD differed depending on the type of labour, 

both bivariate and multivariate analyses were undertaken. Both analyses 

demonstrated that maternal age greater than or equal to and 35 years, nulliparity, 

gestational age less than 37 weeks, and being unmarried were significant predictors of 

CD and only among women with spontaneous labour, maternal age less than 19 years 

old significantly decreased the risk of CD (Table 20, Table 21). As mentioned before, 

the associations found within the multivariate analysis had less bias compared to 

bivariate analysis, since multivariate analysis simultaneously controlled for all 

potential confounding variables. 

Risk factor differences between induced and spontaneous labouring women, 

who go on to have CD, have rarely been studied. Although Delaney and Young (56) 

described indications for CD between women with spontaneous or induced labour, 

no analysis was undertaken. In another study, Seyb et al. (108) compared pregnancy 
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characteristics including mean maternal age, mean BMI, mean birth weight, race 

and premature rupture of membranes within subgroups of elective induction, medical 

induction and spontaneous labour, no multivariate analysis was performed. Neither 

study evaluated the interactions (or the statistical significance) between maternal age 

and parity, maternal age and previous abortions, and maternal age and marital status. 

This study indicates that regardless of labour type, risk factors for CD were 

similar; however, the magnitude of the OR differed. For example (Table 21), 

gestational age less than 37 weeks was a stronger predictor of CD among 

spontaneously labouring women compared with induced labouring women (OR= 2.23 

vs 1.19); in contrast, nulliparity was a stronger predictor of CD among induced 

compared to spontaneous labouring women (OR= 3.92 vs 2.48). However, further 

prospective studies are needed to confirm our findings. 

5.2 Strengths and Weakness of the Study 

It is important to examine and acknowledge the strengths and weaknesses of 

this study in order to appropriately interpret the findings and provide information for 

further research. 

5.2.1 Study Strengths 

The PNOB data is currently the best available large population-based 

data source for estimating CD rates and for this study evaluating the impact of 

maternal demographic characteristics on the risk of CD. Birth certificates are 

routinely recorded for every birth in Alberta, so high costs involved in 
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collecting data from patient charts in hospitals were avoided using these 

data. Secondly, this population-based data provided a large sample size and is 

less biased information on predicting the risk of CD (109). Also, the 

reliability and validity of the data has been determined. Research evidence 

demonstrated that the quality of data was relatively reliable and collection of 

information on type of delivery, maternal age, birth weight and multiple birth 

were valid (109). Furthermore, we are able to simultaneously control for 

potential confounding variables and assessed possible effect modifiers by 

means of multivariate logistic regression in this study. 

5.2.2 Study Weakness 

Several potential limitations are worthy of discussion. Some limitations are 

due to the study design and methods while others are associated with the data sources. 

i. It is not possible to determine a casual relationship between 

exposure and CD because of the cross-sectional nature of this 

study. Furthermore, since this was not a randomized or matched 

study, the possibility of unknown or unmeasured confounding 

always exists and may bias the results of the analysis. 

ii. The calculation of the CD rate included live births only. Temporal 

and regional variation of this number could contribute to the 

variation of both the denominator and numerator that was used to 
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calculate CD rates. Since the number of stillbirths was small, it 

is anticipated the effect on the CD rate was probably small. 

iii. Since the multivariate analysis was restricted to singleton, live born 

infants, the results could not be generalized to multiple births. 

iv. Missing data in the PNOB data set may bias the study results. 

Additionally, the possible presence of co-linearity relationships 

between covariates such as maternal age and parity or aborted 

pregnancies (Table 13), also might bias the results. Although the 

data was complete in greater than 85% of records and the estimated 

bias is likely small, this should be considered in interpretation of 

the odds ratios. 

v. Some information, which was of interest, was not possible to 

obtain from the PNOB data. For example, data were not available 

on the indications or reasons for CD such as elective and 

emergency CD, so the elective ones could not be excluded. 

Furthermore, some medical risk factors of pregnancy were 

associated with the risk of CD, i.e. the CD rate for eclampsia 

52.3%, genital herpes 46.0%, pregnancy associated hypertension 

41.6%, fatal distress 62.6%, diabetes 37.2%, oligohydramnios 

45.6%(23). Since these factors could not be assessed in the 

analysis due to the dataset, therefore, the results could be biased. 

Similarly, information on medically and obstetrically indicated 

induction, or even elective induction were not recorded in this data 
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source, nor could we distinguish risk factors for different types 

of induction before CD. Lastly, we could not assess other potential 

cofounders such as Body Mass Index (BMI), pregnancy weight 

gain (52), medical complications including diabetes mellitus, or 

genital herpes as these types of information were absent from the 

PNOB database. Parrish et al (29) report that pregancy and inbour 

complication rates varied substantially by maternal age and parity. 

Therefore, medical complications may confound the relationship of 

maternal age or parity with CD. 

vi. Some underreported information might exist in the data. It has been 

founded in previous studies that women tend to underreport their 

induced abortions(48;56). Additionally, women could also 

underreport the information of smoking, consuming alcohol and 

using street drug during pregnancy. 

vii. Self-report data presents the problem of recall bias. Questions 

about alcohol intake, illicit drug use and smoking may be 

inconsistently reported for a variety of reasons. For example, 

women with CD could be more likely to report their adverse 

lifestyle (i.e. alcohol intake, illicit drug use and smoking) than 

women without CD. The differential misclassification bias can lead 

to an underestimate or overestimate of the strength of the 

association. 
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viii. The data for this project were retrieved from a part of patient 

records in the hospitals of Alberta, which were designed 

predominantly to be used for direct patient care and follow-up, not 

for research. Accuracy may be compromised by the large number 

of professionals who recorded the information and 

misclassification bias may exist. For example, the nondifferential 

misclassification of exposure will produce a bias towards the null 

(towards an OR of 1.0), thus underestimating the strength of the 

association between the exposure and outcome. 

5.3 Summary of the Study Results and Conclusion 

To our knowledge, this is the first study to document maternal risk factors and 

the association with CD by analyzing a large population-based database in Alberta. 

Results confirmed the association between known risk factors and CD, and new 

relationships and interactions were examined. 

Question 1. 1) Did the CD rate change from 1997 to 2002 and did the regional CD 

rates differ by health regions during this six-year period in the province of Alberta? 

There were significant temporal increases in both the provincial CD rates and 

the age-specific CD rates (p<0.00 1 trend). Overall, the annual provincial CD rate rose 

by 40%, from 16.3% in 1997 to 22.9% in 2002 and the provincial average CD rate for 

the six-year interval was 19.5%. The age-specific CD rate for women aged 35 or 
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older increased by 8.9%, which was the greatest increase in all age groups. The CD 

rate among women undergoing labour induction (16.1%) was higher than the rate in 

the spontaneous group (9.9%). Regional CD rates varied by health region, from a low 

of 10.7% (95% CI 9.9%, 11.4%) in Palliser Region to a high of 23.7% (95% CI 

22.4%, 25.0%) in East Central region. Given the increasing CD rates in Alberta, and 

in alignment with the recommendations of the Canadian Perinatal Health Report, 

there is opportunity to establish clinical guidelines for CD and increase the rate of 

vaginal birth after CD to optimize the CD rate (1) in this province. 

Question 2. Were the characteristics of mothers, who underwent CD different from 

those who did not? 

Women who underwent CD were more likely to deliver babies with birth 

weightless than 2500 grams or more than 4000 grams and to deliver multiples. The 

mean maternal age, mean gestational age, mean birth weight and mean parity of the 

study population were found to be statistically significant predictors of CD; however, 

the number of prenatal visits was not. 

The substantial increases in the percentages of mothers in the older age group 

may partially explain the increases of annual CD rates. In evidence of this, the 

Calgary and Capital regions had the highest mean age and proportions of women aged 

35 or greater in the province and notably the CD rates were highest in these two 

regions. 

In summary, this study confirms previous findings that advancing maternal 

age increased the risk of CD. Given the increased rate of delayed childbearing, and 
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the rising trend in elective CD(88; 110) the provincial perinatal education programs 

have an opportunity to provide information on CD related risks in order that families 

can make informed decisions (10). 

Q3. What were the risk factors for CD among women within defined age cohorts (age 

less than or equal to 19, 20 to 34, and greater than or equal to 35)? 

Three separate multivariate logistic regression models were developed to 

investigate maternal risk factors of CD among pregnant women within different age 

groups. The results demonstrated that nulliparity, gestational age less than 37 weeks 

and labour induction significantly increased the risk of CD in all age groups when 

adjustment was made for smoking, alcohol consumption, illicit drug use, less than 

four prenatal visits, unmarried status, and history of previous abortion; however, the 

magnitude of adjusted odds ratios and 95% confidence interval differed. Parity was 

the strongest predictor in all age groups. The OR of CD for nulliparous women 

compared with multiparous women were 3.65 (95% CI 3.38, 3.94), 2.92 (95% CI 2.82, 

3.04), 2.01(95% CI 1.62, 2.51) for mothers aged 35 years or greater, 20 to 34 years 

and 19 years or younger, respectively. Women who were married and who had one or 

two previous abortions had a significantly increased risk of CD only among those 

aged 20 to 34. Although advancing maternal age, birth weight less than 2500 grams 

and more than 4000 grams, and two or more multiple pregnancies played significant 

roles in determining risk for CD among the study population in the bivariate analysis, 

these relationships could not be confirmed with the use of the multivariate analysis. 
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Briefly, of all the risk factors we were able to assess, CD was significantly 

associated with nulliparity, gestational age less than 37 weeks and labour induction 

for women with singleton live births, after adjustment for smoking, alcohol 

consumption, illicit drug use, less than four prenatal visits, unmarried status, and 

history of previous abortion; however, OR differed between each age group. These 

results indicate that the key risk factors for CD are similar across maternal age groups; 

however, nulliparity elevates the risk of CD most significantly among older women. 

These results provide impetus for further research to understand the underlying 

mechanism, which drives the increased risk for nulliparous women. Furthermore, 

there is an opportunity to develop appropriate policies and guidelines for performing 

and monitoring CD in Alberta. 

Question 4. Did maternal risk factors for CD differ in cases of spontaneous and 

induced labour? 

Two separate regression models were developed to distinguish risk 

differences between spontaneous and induced labour groups. The analyses 

demonstrated that maternal age greater than or equal to 35, nulliparity, gestational 

age less than 37 weeks, unmarried status and one previous abortion were 

associated with increasing risk for CD in both spontaneous and induced labour 

groups, after controlling for smoking, alcohol consumption, illicit drug use and 

less than four prenatal visits. Maternal age 19 years or younger reduced the risk of 

CD by 24% in the spontaneous group, while two or more abortions increased the 

risk of CD by 13% only in women undergoing labour induction. Additionally, 
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birth weight less than 2500 grams and more than 4000 grams, as well as 

multiple pregnancies, showed statistically significant relationships with CD only 

in the bivariate analysis, since these two variables were excluded from the 

multivariate analysis. 

In summary, risk factors that distinguish between risk for induced versus 

spontaneous labour were difficult to determine from routine data collection. More 

detailed data such as the Discharge Abstract Database (DAD) from the Canadian 

Institute for Health Information (CI) should be analyzed to better identify 

additional risk factors, which characterize women at risk of CD. Furthermore, 

labour induction could reduce the risk of CD among women with gestational age 

less than 37 weeks; however, any adverse maternal and neonatal outcomes 

associated with the use of induction require investigation. 

In conclusion, the potential risk factors for CD identified in this study not 

only provides an opportunity for clinicians to consider the profiles of their patients 

and choose an appropriate guideline for their practice, but also offer opportunities 

for women and their family to develop appropriate plans for birth. 

5.4 Suggestions for Further Research 

1. lCD diagnosis codes and other hospital information are coded on the CIHI's 

DAD; further analysis could link the provincial data with the DAD to better 

understand risk factors associated with CD. 
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2. Since adjusted CD rates (e.g., CD rate simultaneously adjusted for age and 

parity, and CD rates adjusted for birth weight), overcome the problems of 

temporal or regional variation, they provide more accurate information in 

estimating the changes and trends in CD rates. Therefore, further studies 

should present these rates when comparing CD rates over time and across 

populations. 

3. Mixed effect model or hierarchical model analysis could be conducted in 

future analyses, since the PNOB data are hierarchically structured, with patient 

nested within hospital, and then nested within health region. The analyses 

conducted in this project ignored the hierarchical structure of data, possibly 

leading to biased results. 

4. A multi-center perspective cohort study could be conducted to confirm the 

observed associations shown in the current study. Women with no a priori 

medical indication of CD would be eligible for the study and more detailed 

demographic, psychosocial (e.g. abuse, stress), medical (e.g. history of 

miscarriages) and lifestyle (e.g. fitness, work habits) data could be collected. 

5. CD may result in increased utilization of services such as prenatal scans, 

amniocentesis, and antenatal admission to hospital, infant resuscitation, and 

admission to the neonatal unit. Further research could investigate maternal 

service utilization associated with CD in Alberta. 

6. Since multiple births may have substantially different risk factors than 

singleton births, multivariate logistic regression analysis could be done only 

on multiple births. 
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7. The establishment of a perinatal surveillance database in Alberta such as the 

Nova Scotia Atlee Perinatal Database and the Aberdeen Maternity and 

Neonatal Databank in the UK(1 11; 112) would provide more detailed 

information for research in this field. 
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Appendix A: Figures For the Tables Presented in the Results 

Figure 1. Cesarean section rate among livebirths, Alberta, 1997-2002 
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Figure 2. Distribution of maternal age, Alberta, 1997-2002combined 
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Figure 3. Maternal age group by year of birth, Alberta, 1997-2002 

80-

60-

20— 

nil] pin 
<=19 20-34 >=35 

Maternal age groups 

year 

El 1997 
o 1998 
o 1999 
U 2000 
o 2001 
0 2002 



103 

Figure 4. Mean maternal age by Region of residence, Alberta, 1997-2002 
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