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Abstract 

Background: Risk prediction models for cardiovascular disease (CVD) hospitalization have 

improved prediction accuracy when individual-level measures of socioeconomic status (SES) are 

considered. However, it is unclear how validated, area-level SES measures, available at the 

population-level in Canada, might improve prediction of CVD hospitalization.  

Objectives: The research objectives were to (1) test the incremental predictive value of area-

level SES measures and (2) compare the incremental predictive performance of different area-

level SES measures on time to hospitalization for CVD. 

Methods: A retrospective cohort design used Manitoba administrative health records from 2014 

to 2020 and area-level SES measures from 2016 Statistics Canada Census data. Individuals 40+ 

years as of April 1st, 2016 were followed until an acute myocardial infarction (AMI) or stroke 

hospitalization or loss to follow-up. Covariates included age, sex, comorbid conditions, prior 

healthcare use, AMI/stroke-related prescription medications, and one or more area-level SES 

measures, including the Socioeconomic Factor Index - Version 2 (SEFI-2), Material Deprivation 

Index, Social Deprivation Index, and the Canadian Index of Multiple Deprivation (CIMD). Cox 

proportional hazards models were assessed for model accuracy (area under the curve; AUC), 

discrimination (net reclassification improvement; NRI and integrated discrimination 

improvement; IDI) and calibration (Brier score). 

Results: Overall predictive performance of models containing one or more SES measures (fully-

adjusted model; AUC = 0.753 – 0.757) was similar to model containing all other covariates 

(partially-adjusted model; AUC = 0.753). Discrimination performance was poor or statistically 

non-significant (NRI = -0.158 – 0.019; IDI = < 0.000). Prediction error was low for all models 

(Brier score = 0.022).  
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Conclusion: Area-level SES measures did not add predictive value to CVD hospitalization risk 

models. Risk factors available in administrative health data, like demographics and comorbid 

conditions, already provide a similar amount of information in terms of predictive ability. Area-

level SES measures are useful for characterizing and describing populations but may not have 

strong predictive value to individual-level outcomes. Further studies are recommended to explore 

their use in prediction of other health conditions and jurisdictions, and comparisons with 

individual-level SES measures. 
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Chapter 1: Introduction 

1.1 Background 

The Public Health Agency of Canada estimates that at least 1.6 million Canadians are 

living with diagnosed cardiovascular disease (CVD)1, a figure greater than the current 

population of the province of Manitoba. CVD, like acute myocardial infarction (AMI) and 

stroke poses significant economic burden on healthcare systems, and affects the quality of life of 

populations worldwide.2,3 In the year 2000, CVD was the second greatest contributor to 

healthcare costs in Canada, at $22.2 billion.1 Hospital care accounted for the largest portion of 

costs, at $4.0 billion. CVD is also the leading cause of hospitalization in Canada.4 With our 

aging population, increased unhealthy lifestyle patterns (e.g., dietary, physical activity), and 

resulting comorbidities, such as obesity and diabetes mellitus, the clinical, economic, and 

individual burden of CVD will persist.3 Therefore, it is critical to focus on identifying those that 

are at greatest risk for CVD hospitalization in order to target disease prevention measures that 

are appropriate to specific populations and contexts. 

Population-based CVD risk prediction tools often utilize physical health measures that 

are routinely collected in administrative health data or electronic medical records, including 

comorbidities, laboratory measures, and medications.5 However, cardiovascular health and 

disease reflects interactions of biological, behavioural, and societal factors,6 and socioeconomic 

status (SES), such as income, education, and occupational status, is reported to be one of the 

most robust determinants of health outcomes in numerous societies around the world.7 

Additionally, the Public Health Agency of Canada reports rising discrepancies in health 

outcomes of Canadians and these are linked to SES factors such as those identified above.4 

Further, SES is suggested to be a proxy for specific social, cultural, and environmental 
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exposures related to health outcomes,8,9 and can therefore capture multi-dimensional 

contributors of health outcomes that reflect economic resources and historical power/prestige at 

an individual, household, and neighborhood level.10 It is also known that middle- and low-

income countries are at highest risk for CVD, and such population dynamics also replicate 

within high-income countries on the SES spectrum.11 The challenges in including social 

determinants of health, like income or education, in prediction tools relate to the availability of 

relevant social and environmental data, local government priorities in collecting such data, as 

well as the feasibility of obtaining the data and linking it to healthcare records. However, using 

social data has numerous advantages for health outcomes research at a population level that 

would otherwise be unfeasible. For example, data on social determinants of health can be used 

to better estimate the spectrum of CVD risk within the population, inform clinical and/or 

community-level prevention initiatives, and enlighten policy-relevant issues. 12  

In Canada, including SES measures in population-level prediction models requires 

linkage between social and health data. Although administrative health databases were initially 

intended for patient management and monitoring quality of care, these databases are also 

utilized extensively to investigate disease outcomes. Administrative data are advantageous for 

research because they encompass entire populations, and allow for analysis over a long period of 

time, therefore reflecting “real world” observations and improving generalizability of the 

results.13 Canada’s universal healthcare system lays ground for conducting population-based 

health studies, especially in Manitoba, which has comprehensive and well-organized health data, 

providing many opportunities for cost-effective longitudinal, population-based studies.14 

However, administrative health data lacks SES information and measures, therefore, it is 

important to explore the value of linking social data, like that provided by Statistics Canada, to 
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capture the social aspects contributing to specific disease outcomes. Such linkage is made 

possible through the Statistics Canada Data Liberation Initiative (DLI), which allows access to 

census data through the Manitoba Population Research Data Repository, at the Manitoba Centre 

for Health Policy (MCHP). Utilizing the behavioural, socioeconomic, and environmental factors 

collected by Statistics Canada, in addition to the risk factors captured during healthcare 

encounters, will help inform the distribution of preventative care measures based on at-risk 

needs of the population,15 savings in hospital spending, and potentially improve the accuracy of 

CVD risk prediction tools. 

1.2 Purpose and Objectives 

 The research purpose was to test the incremental improvements in accuracy for a 

predictive model of CVD hospitalization after including measures of SES. The objectives were 

(1) test the incremental predictive value of area-level SES on time to CVD hospitalization, and 

(2) compare the incremental predictive performance of different areal-level SES measures on 

time to CVD hospitalization.  
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Chapter 2: Review of Literature  

2.1 Framework 

A framework that is appropriate for analyzing CVD hospitalization is the Andresen and 

Newman Framework of Health Services Utilization which aims to outline factors that facilitate 

or impede individuals’ access to and use of health services, including hospital services.16 The 

characteristics of health services utilization outlined by this framework are a function of three 

characteristics: predisposing factors, enabling factors, and need factors. Predisposing factors 

include the socio-cultural features that may put individuals at greater risk or protect them from 

illness. These include social structures relating to SES like education and occupation, as well as 

ethnicity, social network and interactions, and culture. Other social structures include the 

individuals’ perception of the health care system, and their demographic characteristics, such as 

age and sex. Enabling factors include aspects relating to planning and coordinating to obtain 

health services. Enabling factors relate to personal means of accessing health services, including 

income, health insurance, regular care services, travel, and social support and relationships. 

Additionally, enabling factors include community-level logistical characteristics, such as the 

availability and wait times for health facilities or staff, and individual-level logistical 

characteristics, such as genetic predispositions and psychological characteristics. Lastly, need 

factors are the functional and health-related issues that specifically motivate one to seek out 

health services, including both the individual motivation for care-seeking and treatment based on 

their perception of their health (symptoms, pains, worries), in addition to a professional 

assessment of the individuals’ health status and care needs.  

Administrative health data captures needs; individual’s interaction with the healthcare 

system, including hospitalization events, physician visits, prescribed medications, and diagnosed 
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comorbidities are contained in these data. In order to account for the other two – predisposing 

and enabling – factors of utilizing health services in the form of CVD hospitalization, social data 

is appropriate as it better reflects the socioeconomic, logistical, geographic, and social aspects of 

seeking care. 

2.2 CVD Risk Prediction Modelling 

Prior research regarding CVD risk prediction have primarily focused on CVD diagnosis 

and mortality as their outcomes of interest, with limited research exploring other CVD outcomes 

like hospitalization, transfer to intensive care units, and readmission.5 CVD diagnosis or 

mortality models tend to incorporate the by-product of physical manifestations that can be 

measured during a healthcare care visit, such as blood pressure or cholesterol level. Other CVD 

outcomes of interest, like hospitalization from a known or unknown CVD condition, also 

primarily focus on clinical data. At the time of writing, I identified 26 risk prediction models 

relating to CVD, of these, only one third included some consideration for social determinants. 

Social determinants that were considered in risk models included individual-level measures 

like average income, income quintile, marital status, malnutrition, or area-level measures like 

United Kingdom (UK) based Townsend deprivation score,17 and the New Zealand Index of 

Deprivation.12 Though the goal of these studies was not to examine the improved model 

performance after including social determinants, those models that did consider these 

determinants performed well in predicting CVD outcomes like diagnosis or mortality. The 

impact of social determinants on CVD risk has also been explored in Canada using Statistics 

Canada data, specifically the Canadian Community Health Survey (CCHS).18 A study using this 

survey utilized the sociodemographic, health-related behaviours, general health, and chronic 

condition characteristics captured by the survey to design the Cardiovascular Disease Population 
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Risk Tool (CVDPoRT) which predicts 5-year incidence of CVD hospitalization or death for the 

population of Ontario. The initial predictors include age, sex, ethnicity, immigrant status, 

education level, smoking history, alcohol use history, diet, physical activity, stress, community 

belonging, diabetes, high blood pressure, body mass index, and neighborhood social and material 

deprivation indices. The authors excluded all but one of social variables, education level, in their 

final model, due to their relatively poorer predictive performance when compared to self-

reported physical health measures. The proportional hazards model created with the final 

characteristics performed accurately, was able to discriminate between high and low risk groups, 

and the observed and predicted CVD risk estimates were similar. Overall, this study does suggest 

that non-clinical data, such as that captured within the CCHS, and other population-based 

surveys, can be useful when considering risks for CVD. 

A recent study of the role of social determinants in CVD hospitalization was conducted 

for United States (US) Medicare participants. Administrative health data were linked with 

Medicare Beneficiary Survey data. The social determinants selected from the survey included 

individual-level measures of urban vs. rural residence, alcohol abuse, access to care, income-

poverty ratio, marital status, and education. Other covariates considered in their regression 

modelling included age and sex, reason for Medicare membership, and comorbidities 

(hypertension, dyslipidemia, sleep disorders, overweight, obesity, diabetes mellitus, coronary 

artery disease, renal insufficiency, chronic obstructive pulmonary disease/asthma, and heart 

failure). Although the modelling was susceptible to selection bias because it was fit to data of 

people eligible and receiving Medicare services, and therefore already socioeconomically 

disadvantaged, the study authors found that the social determinant measures improved accuracy 

of predicting CVD hospitalization. The risk modelling was especially more accurate for the 
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sample’s ethnic minorities (Black and Hispanic) in comparison to the White race/ethnicity, and 

modelling that did not control for social determinants under predicted their risk. Further, the 

identified social determinants on their own in the model performed accurately to predict CVD 

hospitalization for everyone in the sample. This study provides incentive to further investigate 

the role of SES measures in improving prediction accuracy for CVD hospitalization across 

different populations in combination with clinical data.  

The most extensive and updated modelling of CVD risk is the cardiovascular disease risk 

score (QRISK). It does not focus on hospitalization as the outcome of interest, but rather CVD 

diagnosis, it informs considerations about the value of social determinants in risk modelling 

relating to CVD. First published in 2007, QRISK included risk factors of age, sex, and 

comorbidities along with the area-level UK based Townsend deprivation score, which considers 

car ownership, overcrowded housing, non-owner occupied housing, and unemployment rate 

from the UK census.19 Since then, the QRISK model has been updated twice, with ethnic origin 

and other comorbidities added in 2008,20 and in 2017 with further addition and refinements of 

comorbid conditions.21 Both of these updated models resulted in improved predictive 

performance for time to CVD diagnosis.  

2.3 Area-Based Socio-economic Measures 

2.3.1 Socioeconomic Factor Index Version 2 (SEFI-2)  

The SEFI-2 was developed within MCHP and is based on prior area-based socio-

economic measures, the Socio-Economic Risk Index (SERI)22 and Socioeconomic Factor Index 

(SEFI).23 The SEFI was specifically created to capture the socioeconomic characteristics that 

strongly relate to health status, health outcomes, and use of health care services into a single 

score.24 However, the SEFI was unable to account for monetary measures of SES like income 
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because there were reporting and measurement issues surrounding this factor, and therefore it 

was substituted with SES correlated variables of educational attainment and employment. Since 

the development of the SEFI, the changes made to the reporting of income for the census after 

2001 and switch to dissemination area (DA) for reporting values, have made it more feasible to 

instead include average household income, along with the original unemployment rate, 

proportion of adults without high school education, and the proportion of single parent families. 

Other original SEFI variables were excluded in the development of SEFI-2, including age-

dependency ratio because it had a poor factor-loading in the original SEFI, and proportion of 

female-headed single-parent families and female labour force was excluded for being redundant 

of proportion of single-parent families and employment rate, respectively. The SEFI-2 has been 

deemed to have greater face validity because it includes income as a direct measure of SES, 25 

and regions defined by DA’s allow for finer level detail, and therefore greater discrimination and 

power for research analysis.26 

2.3.2 Material and Social Deprivation Index  

 The material and social deprivation indexes were adapted to Manitoba’s population25 off 

of previously established deprivation indexes created by Pampalon and coauthors27–29 off of the 

Statistics Canada Census, and reflect the concept of deprivation initially articulated by Townsend 

and their UK measure of deprivation.17,30 The Canadian social and material deprivation 

indicators were selected based off of prior empirical evidence27,31–38 and selected only if met the 

criteria of having a link to health, prior use as a geographic proxy, similarity to the concept of 

material and social deprivation, and availability at the DA level.29 The indicators included (1) 

average household income, (2) proportion of people without high school certificates, (3) 

unemployment rate, making up material deprivation; and (4) proportion of population who are 
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separated, divorced, or widowed, (5) proportion of people living alone, and (6) proportion of 

single-parent families, making up social deprivation. Previous empirical research has suggested 

that depending on the geographic level of analysis (e.g., urban vs. rural) and general region, that 

such differences in population segments may lead to different performance on the deprivation 

indexes and therefore such indexes must be adapted to appropriate geographic regions. 31,39–43 

Therefore, it is necessary for such indexes to be adapted to the Manitoba population, as has been 

done.25 Manitoba’s Material Deprivation Index and Social Deprivation Indexe differ from 

Pampalon and coauthors’ original indexes in two ways; one, Manitoba uses unemployment rate 

instead of employment ratio in the Material Deprivation Index, and two, Manitoba includes the 

proportion of population who moved within the past five years in the Social Deprivation Index 

instead of proportion of single-parent families, as previous research identified the latter as more 

indicative of material, not social, deprivation in the Manitoba population.44  

2.3.3 Canadian Index of Multiple Deprivation (CIMD) 

The CIMD is inspired from the Canadian Marginalization Index (CAN-Marg). The CAN-

Marg was originally created as a multidimensional index that aimed to capture not only the well 

known monetary aspects, such as income and home ownership, that are included in previously-

established area-based socio-economic measures, but to also include contemporary and 

potentially just as important facets of inequality.45 Specifically, the CAN-Marg aimed at 

incorporating aspects of marginalization or social differentiation in Canada that relate to but are 

independent to health and social outcomes, such as ethno-racial identity, immigration status, life-

cycle stage, and household composition.45–47 The CAN-Marg held four components – residential 

instability, material deprivation, dependency, and ethnic concentration. After the 2016 census, 

the CAN-Marg has undergone extensive changes in its purpose and methodology and was 
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renamed the CIMD. Additionally, the initial four components of marginalization were renamed 

to reflect more accurate titles of the new concepts they captured – Residential Instability, 

Economic Dependency, Ethno-Cultural Composition, and Situational Vulnerability.48 Further, 

the CAN-Marg was intended as a longitudinal index allowing comparisons over time, while the 

CIMD was developed as a cross-sectional, one-point-in-time snapshot of a geographic area’s 

level of deprivation and marginalization.48 Residential Instability aimed to capture the fluctuation 

of residents in a neighborhood overtime with consideration for characteristics of housing and 

family composition. Economic Dependency focused on those in the workforce and monetary 

dependency other than employment income. Ethno-Cultural Composition encompasses aspects 

of immigrant populations. Lastly, Situational Vulnerability incorporates socio-demographic 

features related to housing and education of vulnerable populations. The unique changes in 

methodology to the CIMD included the development of multiple versions of the index, including 

a national index, provincial indexes for Quebec, Ontario, and British Columbia, and regional 

indexes for the Atlantic and Prairie regions. As such, deprivation comparisons across different 

provinces or regions should utilize the national-based deprivation index scores, while analyses of 

deprivation within a specific province or region can use the province/region-specific deprivation 

scores, and further filter down to the specific province for finer granularity.48 Therefore, to 

include the CIMD in my study focusing on the population of Manitoba, the national CIMD 

scores are not appropriate, and Manitoba’s scores will need to be isolated from the Prairie region 

CIMD scores which contains the index scores based off the factor analysis of characteristics of 

Saskatchewan, Manitoba, and Alberta together.  
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2.4 Summary of Literature Review  

It remains unclear whether combining both clinical and social factors would further 

improve CVD hospitalization prediction, or whether such combinations only introduce 

redundancy and overcomplicate risk models. Although prior prediction models have 

incorporated some SES-related measures, the value that SES measures add to improving 

predicting risk of CVD hospitalization in the Canadian context is not known but is worthwhile to 

explore because each of the Canadian/Manitoban SES measures capture different aspects of 

social determinants of health beyond monetary characteristics. 

There are questions remaining on the independent predictive value of the Material 

Deprivation Index, and the Social Deprivation Index. Specifically, the final model of the 

CVDPoRT, excluded the Material Deprivation Index, but contained education level – a 

component of the Material Deprivation Index. The exclusion of the index suggests it performed 

more poorly in predicting 5-year incidence of CVD hospitalization or death than education level 

on its own. Additionally, the final model of the CVDPoRT excluded the Social Deprivation 

Index, and immigration status – a component of the CIMD’s Ethno-Cultural Composition. 

Further, developers of SES indices, such as the CIMD and SEFI-2, have stressed the need to 

examine the SES measures to the context of the population of interest and their uniquely 

relevant SES characteristics.25,48 As such, research is recommended to examine the performance 

of models including social and clinical information in predicting CVD hospitalization.18 

The province of Manitoba, Canada, provides an excellent setting to investigate such 

inquires as administrative health databases have been linked to Statistics Canada Census data, 

within the secure research environment of MCHP. The Canada Census data can be used to 

derive previously validated census-based SES measures. These measures include: 1) Material 
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Deprivation Index,25  2) Social Deprivation Index,25 3) CIMD,45 and 4) SEFI-2.49 The Material 

and Social Deprivation Indices have been adapted to Manitoba’s context. Specifically, prior 

research demonstrated that single parenting, originally categorised as a social deprivation 

concept, was associated with material deprivation.44  Further, the SEFI-2 was developed as a 

Manitoba-specific SES measure, and CIMD has been adapted to different levels of geographical 

analysis, including provincial, regional, and national levels. My research aimed to investigate if 

the inclusion of such SES measures to risk prediction models for time until CVD hospitalization 

improves their performance compared to the models that include commonly-used risk factors 

such as sex, age, and comorbidities.  
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Chapter 3: Methods 

3.1 Research Questions and Hypotheses 

 To fulfill the first objective of testing the incremental predictive value of area-level SES 

on time to CVD hospitalization, the research question posed is: Does the addition of SES 

measures predict time to CVD hospitalization with greater accuracy, discrimination, and 

calibration than models considering demographics, comorbid conditions, health services 

utilization, and AMI/Stroke-related prescription medications use only? The research question to 

the second objective of comparing the incremental predictive performance of area-level SES 

measures on time to CVD hospitalization is: Which SES measure(s) result in the greatest 

improvements in accuracy, discrimination, and calibration of predicted time until CVD 

hospitalization?   

I hypothesized that the addition of SES measures would improve prediction of CVD 

hospitalization, and the greatest discrimination and calibration improvement would potentially 

come from either the CIMD or the SEFI-2. The CIMD might produce the greatest discrimination 

and calibration improvement because its components includes the most unique and updated 

concepts of marginalization and inequality, those being Situational Vulnerability, Ethno-Cultural 

Composition, Residential Instability, and Economic Dependency. Additionally, the CIMD is 

produced for different levels of geographic classification and has been adapted to the context of 

the prairie region. The SEFI-2 might produce the greatest discrimination and calibration 

improvement because it was specifically created based on the knowledge and expertise of the 

SES characteristics most relevant to the Manitoba population, including income, education, 

single parenting, and unemployment rate. 
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3.2 Study Design 

This was a retrospective cohort study conducted from April 1st, 2016, the index date, to 

March 31st, 2020. Two years prior to the index date was used to establish health services 

utilization and comorbid conditions. The study time period was selected based on the availability 

of the most up-to-date Statistics Canada Census data that could be linked to administrative data. 

Ethics approval for this study was granted by the University of Manitoba Health Research Ethics 

Board (HREB: HS25030) and data access was granted by the Health Information Privacy 

Committee (HIPC: 2021/2022– 08).  

3.3 Data Sources 

The study data are sourced from the Manitoba Population Research Data Repository 

housed at the Manitoba Centre for Health Policy. The specific data sources used include the 

Population Registry, Hospital Discharge Abstracts database, Medical Claims/Medical Services 

database, Drug Program Information Network (DPIN) database, and 2016 Statistics Canada 

Census.  

The Population Registry captures information on health insurance coverage start and end 

dates, demographics, and residence location, including postal code, for all Manitobans eligible to 

receive health services. Due to the universal health system almost all Manitobans are captured 

within this database, aside from persons who are insured at the federal level, like military 

personnel and federal inmates, but Royal Canadian Mounted Police (RCMP) has been included 

since April 1st, 2013. The Population Registry also contains an encrypted/scrambled personal 

health identification number (PHIN), which is used to anonymously link records from the other 

administrative health databases, and a residential postal code, which is used to determine the DA 
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the individual belongs to. This database was used to identify the study cohort, and their 

demographic and geographic characteristics.  

The Hospital Discharge Abstracts database contains information about all patient 

discharges from acute and chronic care facilities in the province. These data contain up to 25 

diagnoses coded using the International Classification of Diseases, 10th Revision, with Canadian 

Enhancements (ICD-10-CA), since April 1, 2004. This database was used to identify acute 

myocardial infraction (AMI) and stroke hospitalizations, health services utilization, and 

comorbid conditions using ICD-10-CA codes.  

The Medical Claims/Medical Services database contains information about physician 

visits in office, hospital, and outpatient settings for the purpose of reimbursement for physician 

services. The database contains date of service and a single diagnosis coded using the 9th 

Revision of the International Classification of Diseases, with Clinical Modifications (ICD-9-

CM). The Medical Claims/Medical Services Database was used to establish comorbid conditions 

and health services utilization.   

The DPIN database contains prescription drug records from all community pharmacies in 

Manitoba. The DPIN generates a complete drug profile for all Manitobans, and includes 

pharmaceutical dispensations, prescriptions identified as potential drug utilization problems, 

third party/client paid prescriptions, and ancillary programs and non-drug products, regardless of 

source of payment. The DPIN does not however capture drug data from hospital pharmacies, 

nursing stations, ward stock, and outpatient visits at CancerCare Manitoba. Drug information is 

coded using Drug Identification Number (DIN) and the Anatomical Therapeutic Chemical 

(ATC) Drug Classification System.50 This database was used to establish medication use related 

to AMI and stroke.  
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Statistics Canada Census, conducted every five years, captures data for the Canadian 

population, such as marital status, employment, income, and immigration status. These data are 

made publicly available at the DA level; a DA is a geographic region with an average population 

of 400 to 700 people and is the smallest geographic unit for which census data are publicly 

disseminated.51 The Statistics Canada Census database was used to derive all area-based SES 

measures from the 2016 census.  

3.4 Area-Level Socioeconomic Measures 

The census indicators used to create each area-level SES measure are presented in Table 

1. The factor scores for each SES measure follow a standardized distribution with zero being the 

population average, negative values representing the least deprived, and positive values 

representing the most deprived. All seven of the selected SES measures – SEFI-2, Material 

Deprivation Index, Social Deprivation Index, and the four components (residential instability, 

economic dependency, ethno-cultural composition, and situational vulnerability) of the CIMD – 

followed the same procedure for linkage to administrative data. First, a DA level was assigned to 

each individual based on the postal code available in the Population Registry as of the index 

date. This was accomplished using a SAS macro provided by MCHP, which ensures that only 

Manitoba residents are used (postal code starts with “R” and municipal code of 900), assigns a 

postal code to the appropriate DA using the Postal Code Conversion File from Statistics Canada, 

and fixes issues arising from new/retired postal codes and DA assignment over time. Then, a 

database containing each SES measure and the associated standardized factor scores for each DA 

was merged to the administrative data for the cohort members. Lastly, the standardized factor 

scores for each SES measure were assigned to quintiles using the SAS rank procedure to create 5 

groups, such that approximately 20% of the cohort was in each quintile. 
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Table 1. Census indicators for SES measures included in the study.  

SES Measure 
 

2016 Canada Census Indicators 

SEFI-2 Average household income 
Percent of single parent households 
Unemployment rate for those age 15 and older 
High school education rate 
 

The Material Deprivation 
Index 

Average household income 
Proportion of population aged 25-64 without high school 
diploma 
Ratio of employment to population 
 

The Social Deprivation Index Proportion of persons living alone 
Proportion of population who moved within the past five 
years 
Proportion of population who are separated, divorced, or 
widowed 

CIMD 
 

 

Ethno-cultural Composition Proportion of population who are recent immigrants (arrived 
in five years prior to Census) 
Proportion of population who self-identify as visible 
minority 
 
Proportion of population that is foreign-born 
Proportion of population with no knowledge of either 
official language (linguistic isolation) 
 

Economic Dependency Proportion of population aged 65 and older 
Dependency ratio (population aged 0-14 and population 
aged 65 and older divided by population aged 15-64) 
 

Residential Instability Proportion of persons living alone 
Average number of persons per dwelling 
Proportion of dwellings that are apartment buildings 
 

Situational Vulnerability  Proportion of population aged 25-64 without high school 
diploma 
Proportion of single parent families 
Proportion of population that is low-income 
Proportion of dwellings needing major repairs 
Proportion of population that identifies as Aboriginal 

Note: SEFI-2 = Socioeconomic Factor Index - Version 2, CIMD= Canadian Index of Multiple 
Deprivation. 
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3.5 Study Cohort 

The cohort comprised all individuals 40 years of age or older as of the index date, who 

had continuous Manitoba Health (MH) insurance coverage for two years prior to the index date 

(April 1, 2014 to April 1, 2016), and at least one day of health insurance coverage after the index 

date (April 2nd, 2016 and onwards). Additionally, individuals were excluded if their income 

quintile was not found, their postal code corresponded to a personal care home (list provided by 

MCHP), or they were missing a socioeconomic measure score. Individuals were followed until 

the outcome of interest (i.e., AMI or stroke hospitalization), a censoring event (migration out of 

province or death), or the end of the study period on March 31st 2020. 

3.6 Outcome Measure 

 A CVD hospitalization was ascertained from the Hospital Discharge Abstracts database 

and was defined as any hospitalization with a primary diagnosis of AMI or stroke. The relevant 

ICD-10-CA codes are presented in Table 2. The validity of this definition of AMI and stroke 

hospitalization has been established by the Canadian Cardiovascular Outcomes Research Team 

(CCORT) for their Canadian Cardiovascular Atlas project and The Cardiovascular Health in 

Ambulatory Care Research Team (CANHEART).52,53 This outcome is also consistent with the 

one used in the CVDPoRT risk prediction tool.  

3.7 Covariates  

Covariates included demographic characteristics (age, sex), comorbid conditions, health 

services utilization, and medication use. The demographic characteristics were ascertained from 

the Population Registry. Sex was classified as male and female, and age was categorized as 40 – 

50 years, 51 – 60 years, 61 – 70 years, 71 – 80 years, and 80 years or older.  
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Comorbid conditions were ascertained from the Hospital Discharge Abstracts and Medical 

Claims/Medical Services databases, and included prior diagnosed AMI or stroke, obesity, 

substance abuse, dyslipidemia, sleep disorder, diabetes mellitus, chronic kidney disease, chronic 

obstructive pulmonary disease/asthma, and osteoarthritis or rheumatoid arthritis. These comorbid 

conditions were defined from case definitions provided by the Canadian Chronic Disease 

Surveillance System 54 or prior literature. 55 Comorbid conditions were established for the two 

years prior to the index date and defined as binary measures (yes or no). The definitions of each 

comorbid condition and their respective ICD-9-CM and ICD-10-CA codes are listed in Table 2.  

Measures of access to healthcare services (i.e., health services utilization) in the two years 

prior to the study date included the number of physicians visits, categorized as 0 – 5 visits, 6 – 20 

visits, 21 – 40 visits, and 41 visits or more; and number of prior hospitalizations for any reason, 

categorized as 0, 1, and 2 or more hospitalizations. Prescription medications relating to AMI and 

stroke were obtained from DPIN and binary measures were defined for each (yes or no), 

including at least one prescription for beta-blockers (ATC codes: C07AA, C07AB), cholesterol 

lowering drugs (ATC code: C10), or anti-platelet agents/oral anti-coagulants (ATC codes: 

B01AA02, B01AA03, B01AA07, B01AB01, B01AB04, B01AB09, B01AB10, B01AC04, 

B01AC05, B01AC06, B01AC07, B01AC30).56   
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Table 2. Comorbid condition case definitions for physician and hospitalization data and their 
respective ICD codes. 

 Disease ICD-9-CM ICD-10-CA 
AMIa  

 

   410 I21 to I22 
Arthritisb   
 274 

446 
710-721 
725-729  

739 

M00-M03  
M05-M07  
M10-M25  
M30-M36  
M65-M79 

Chronic kidney diseaseb    
 403 

404 
580 
581 
582 
583 
585 
586 
587 
588 
591 
593 
753  

E10.2  
E11.2  

I12 
I13 

N18  
N19  

N00-16  
N25  
N26  

N28.82  
N39.1  

Q60-64 

COPD/Asthmaa   
 490 

491 
492 
493 
496  

J40-J45  

Diabetes mellitusb   
 250 E10-E14 
Dyslipidemiaa   
 272 E78 
Obesitya   
 278 

V85.2-V85.4 
V45.86 

E65-E68 

Sleep disordera   
 327.21  

327.22  
327.23  
327.24  
327.25  
327.26  

G47.3  
G47.30  
G47.31  
G47.38  

E66.2  
R06.3 
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327.27  
327.29 
780.51  
780.53  
780.57  
786.04 

Strokea   
 430 

431 
434 
436 

362.3 

I60 to I61 
I63 (except 163.6) - I64 

H341 

Substance abusea   
 291 

292 
303 
304 
305 

F10-F19  
F55 

Z50.2  
Z50.3 

Note: AMI = acute myocardial infarction, ICD-9-CM = International Classification of Diseases, 
Ninth Revision, Clinical Modification, ICD-10-CA = International Classification of Diseases, 
Tenth Revision, Canada. 
a One or more physician visits; One or more hospitalizations 

b Two or more physician visits; One or more hospitalizations  
 

3.8 Statistical Analysis 

The data was initially described using frequencies, percentages, means and standard 

deviations. Inferential analyses were conducted using a time to event analysis;57,58 specifically, a 

multivariable Cox Proportional Hazard (PH) model was fit to the data.  

The base model contained demographic covariates (i.e., age and sex). A partially-adjusted 

model included all comorbid conditions, health services utilization, and AMI/Stroke-related 

prescription medications covariates. Next, eight fully-adjusted models were fit to the data. For 

the first seven models, each model contained a single SES covariate, in addition to all of the 

demographic, comorbid condition, health services utilization, and AMI/Stroke-related 

prescription medications covariates. The final fully-adjusted model contained multiple SES 

covariates, in addition to all of the demographic, comorbid condition, health services utilization, 
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and AMI/Stroke-related prescription medications covariates. The SES covariates included in this 

final fully-adjusted model were not collinear, that is, their correlation with all other SES 

covariates was less than 0.80. A polyserial correlation coefficient was used to assess collinearity. 

To test the assumption of linearity in the SES measure quintiles, the fully-adjusted models were 

fit to the data containing SES covariates comprised of standardized factor scores, rather than 

quintiles. 

To ensure that the prediction models were valid, the assumption for time-independent 

covariates was tested using the dataset. Schoenfeld residuals were calculated for each PH model. 

These residuals are from the regression model for each individual, and each of their covariate 

values plotted against time. The assumption was considered met if the plotted relationship 

between the Schoenfeld residuals and time is non-linear. The distribution of each SES measure 

was also investigated.  
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Overall accuracy, discriminative performance, and calibration were assessed for each model. 

Specifically, accuracy was assessed using the Area Under the Receiver Operating Characteristic 

(i.e., AUC), and discriminative performance was assessed using the net reclassification index 

(NRI), and integrated discrimination improvement index (IDI). 59 The discrimination measures 

were used to aid in understanding how risk is reclassified after one or more covariate(s) is (are) 

included in the model. The NRI and IDI were executed using a SAS macro developed from prior 

research. 60 Any reclassification, whether it is upward (positive) or downward (negative) is 

captured in the NRI. The difference between the average predicted risk for events and non-events 

is captured by the IDI. Model calibration, which encompasses both discrimination and error, was 

evaluated using the Brier score. 61 Output included hazard ratios (HRs) and 95% confidence 

intervals (95% CIs), AUC, NR, IDI, and Brier scores. Analyses were conducted using SAS® 

(version 9.4) software.Chapter 4: Results 

4.1 Description of Study Cohort 

 The study flow chart is provided in Figure 1. Of the 615,439 Manitoba residents over 40 

years of age as of April 1st 2016, none had missing sex in the Population registry or were without 

at least one day of health insurance coverage after the index date. However, 956 (0.16%) 

individuals were excluded due to not having continuous health insurance coverage prior to the 

index date; 6,400 (1.04%) were excluded because their income quintile was not found; 133 

(0.02%) were excluded due to having their postal code correspond to a personal care home; and 

1,019 (0.17%) were excluded due to missing scores on SES measures. Therefore, the final cohort 

included 606,915 individuals in the study.  
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Inclusion/Exclusion Criteria No. excluded 

at each step 
No. remaining 
at each step  

Include individuals who were a minimum of 
40 years of age on the index date of April 1, 
2016 

 615,439 

Exclude individuals with missing sex 0 615,439 

Exclude individuals without at least 731 days 
of continuous health insurance coverage prior 
to and including the index date 

956 (0.16%) 614,483 

Exclude individuals without at least one day 
of health insurance coverage after the index 
date and before the end of the study 

0 614,483 

Exclude individuals with a "Not Found" 
income quantile  

6,400 (1.04%) 608,020 

Exclude individuals with postal codes of PCH 
(provided by MCHP) 

133 (0.02%) 607,934 

Exclude individuals with missing 
socioeconomic measure score 

1,019 (0.17%) 606,915 

Number of individuals included in study 
cohort 

 606,915 

Note: PCH = Personal Care Home; MCHP = Manitoba Centre for Health Policy. 
 
Figure 1. Study flowchart. 
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The frequencies by censoring event and average ages are summarized in Table 3. The 

majority of the study cohort experienced no cardiovascular events, nor censoring events, during 

the study period (n = 551,955; 90.9%), while 5.6% (n = 33,977) died, and 1.3% (n = 7,792) 

migrated out of province. Those that migrated were younger than those in other groups (M = 

56.0, SD = 11.8), followed by those that made it to the end of the study period (M = 58.0, SD = 

12.0). Those that died were the oldest (M = 75.7, SD = 13.4). Twice as many individuals were 

hospitalized for AMI during the study period (n = 8,665; 1.4%) than for stroke (n = 4,526; 

0.7%), and they were also younger in age (M = 66.7, SD = 12.6; M = 71.8, SD = 13.3, 

respectively).  

Table 3. Frequency (%) of censoring events and average age (SD; N = 606,915). 

Censoring Event n (%) Mean Age (SD) 
End of Study Period 551,955 (90.9) 58.0 (12.0) 
AMI 8,665 (1.4) 66.7 (12.6) 
Stroke 4,526 (0.7) 71.8 (13.3) 
Died 33,977 (5.6) 75.7 (13.4) 
Migrated 7,792 (1.3) 56.0 (11.8) 

Note: SD = Standard Deviation, AMI = acute myocardial infraction. 

 
The descriptive statistics of the study cohort by hospitalization status are presented in 

Table 4. A greater proportion of males were hospitalized 8,010 (60.7%) than females 

5,181(39.3%). The greatest age category to be hospitalized were those aged 61 to 70 (n = 3,417, 

25.9%), followed by those aged 71 to 80 (n = 3,073, 23.3%), and 80+ (2,758, 20.9%). The most 

common comorbid conditions for those hospitalized were arthritis (n = 4,145, 31.4%), and 

diabetes mellitus (n = 3,880, 29.4%). Additionally, 3.9% (n = 519), and 11.7% (n = 1,539) had 

been previously diagnosed with AMI and stroke, respectively, and majority of the individuals 

were on AMI/Stroke-related prescription medications (n = 7,481, 56.7%). Most individuals with 

a hospitalization during the study period had no other hospitalizations for two years prior to the 
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study period (n = 10,072, 76.4%). A great proportion of the study cohort had more than 41 

physician visits (n = 4,627, 35.1%), followed closely by 21 – 40 visits (n = 3,311, 25.1%), and 6 

– 20 visits (n = 3,145, 23.8%). 

Table 4. Characteristics of study cohort [n(%)] by study outcome (N = 606,915). 

Variable AMI/Stroke Hospitalization No AMI/Stroke Hospitalization 
Age Group, years 

40-50  1,195 (9.1) 176,523 (29.7) 
51 - 60 2,748 (20.8) 174,907 (29.5) 
61 - 70 3,417 (25.9) 130,235 (21.9) 
71 - 80 3,073 (23.3) 69,688 (11.7) 
80+ 2,758 (20.9) 42,371 (7.1) 

Sex 
Male 8,010 (60.7) 285,997 (48.2) 
Female 5,181(39.3) 307,727 (51.8) 

Comorbid conditions 
AMI  519 (3.9) 4,916 (0.8) 
Stroke 1,539 (11.7) 24,170 (4.1) 
Substance abuse 287 (2.2) 12,411 (2.1) 
Dyslipidemia 2,355 (17.9) 95,060 (16.0) 
Sleep disorder 217 (1.7) 7,921(1.3) 
Diabetes mellitus 3,880 (29.4) 76,524 (12.9) 
Chronic kidney disease 707 (5.4) 10,182 (1.7) 
COPD/Asthma  2,318 (17.6) 80,203 (13.5) 
Arthritis 4,145 (31.4) 146,079 (24.6) 
Obesity 185 (1.4) 10,674 (1.8) 

AMI/Stroke-related 
prescription medications  

7,481 (56.7) 185,095 (31.2) 

Any physician visits 
0 – 5  2,108 (16.0) 150,806 (25.4) 
6 – 20  3,145 (23.8) 154,665 (26.1) 
21 – 40  3,311 (25.1) 146,437 (24.7) 
41+ 4,627 (35.1) 141,816 (23.9) 

Any hospitalizations 
0 10,072 (76.4) 501,581(84.5) 
1 1,839 (13.9) 65,127 (11.0) 
2+ 1,280 (9.7) 27,016 (4.6) 

Note: AMI = acute myocardial infraction, COPD = Chronic obstructive pulmonary disease. 
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4.2 SES Measure Prediction Modelling 

The SES measure scores followed a normal distribution in the study cohort (Figures A.1 – 

A.7, Appendix A). Descriptive statistics for each SES measure are provided in Table 5. For AMI 

and stroke hospitalizations there was an overall dose response pattern for SES measure score 

quintile. Specifically, there were more occurrences of AMI and stroke hospitalizations with 

increase in quintile number, corresponding to increasing deprivation (Tables B.1 – B.5, 

Appendix). The HR for time to AMI or stroke hospitalization also increased by SES measure 

score quintile for the SEFI-2, Social Deprivation Index, Material Deprivation Index, and the 

residential instability and situational vulnerability components of the CIMD (Table 6). The 

SEFI-2 had high collinearity with the Material Deprivation Index (r = 0.88, p < 0.0001) and the 

situational vulnerability component of the CIMD (r = 0.81, p < 0.0001), and the Social 

Deprivation Index had high collinearity with the residential instability (r = 0.80, p < 0.0001) 

component of the CIMD (Table C.1, Appendix C). Therefore, Material Deprivation Index, and 

the situational vulnerability and residential instability components of the CIMD were excluded 

from the last fitted model of multiple SES measures. The last fitted model contained the SEFI-2, 

Social Deprivation Index, and the ethno-cultural composition and economic dependency 

components of the CIMD. The pattern of increased HR by quintile in the model of multiple SES 

measures was only observed for the SEFI-2, with comparison to the first quintile, an increase of 

HR = 1.20 (95% CI: 1.13-1.28) in the second quintile, to HR = 1.75 (95% CI: 1.64-1.87; Table 

7). Sex stratified modelling showed similar patterns (Table D.1 – Table D.7, Appendix D).  
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Table 5. Description of socioeconomic (SES) measure scores for study cohort by study outcome 
(N = 606,915). 

Note: SD = Standard Deviation; IQR = Interquartile Range.

 
AMI/Stroke Hospitalization No AMI/Stroke Hospitalization 

Socioeconomic Measures Mean (SD) Median (IQR) Mean ( SD) Median (IQR) 
SEFI-2 0.01 (0.91) -0.09 (-0.55, 0.34) -0.16 (0.87) -0.25 (-0.69, 0.20) 
Social Deprivation Index 0.30 (1.15) 0.075 (-0.52, 0.97) 0.12 (1.07) -0.07 (-0.64, 0.70) 
Material Deprivation Index -0.02 (0.88) -0.16 (-0.54, 0.29) -0.17 (0.84) -0.26 (-0.65, 0.16) 
Canadian Index of Multiple Deprivation 

Situational vulnerability 0.23 (1.09) -0.05 (-0.45, 0.42) 0.08 (0.97) -0.18 (-0.51, 0.30) 
Ethno-cultural composition 0.07 (1.02) -0.27 (-0.69, 0.56) 0.11 (1.06) -0.24 (-0.66, 0.59) 
Residential instability 0.29 (1.17) 0.07 (-0.48, 0.81) 0.14 (1.08) -0.08 (-0.58, 0.59) 
Economic dependency 0.30 (1.05) 0.11 (-0.34, 0.73) 0.16 (0.93) -0.02 (-0.41, 0.51) 



 

Table 6. Hazard ratios (95% CIs) for fully-adjusted models with a single SES measure. 
 

Hazard Ratio (95% CI) 
Socioeconomic Measures Quintile 2 Quintile 3 Quintile 4 Quintile 5 
SEFI-2 1.16 (1.09-1.23) 1.27 (1.20-1.35) 1.40 (1.33-1.49) 1.64 (1.55-1.74) 
Material Deprivation Index 1.19 (1.12-1.26) 1.34 (1.26-1.42) 1.36 (1.28-1.44) 1.62 (1.53-1.72) 
Social Deprivation Index 1.03 (0.97-1.09) 1.09 (1.03-1.16) 1.10 (1.04-1.17) 1.20 (1.13-1.26) 
Canadian Index of Multiple Deprivation 

Ethnocultural Composition 0.96 (0.91-1.02) 0.95 (0.90-1.01) 0.95 (0.90-1.00) 0.97 (0.92-1.03) 
Economic Dependency 1.06 (1.00-1.13) 1.02 (0.96-1.08) 1.05 (0.99-1.11) 1.08 (1.02-1.14) 
Residential Instability 0.96 (0.90-1.01) 1.05 (0.99-1.11) 1.05 (0.99-1.11) 1.09 (1.03-1.15) 
Situational Vulnerability 1.10 (1.03-1.16) 1.19 (1.12-1.26) 1.32 (1.25-1.40) 1.57 (1.49-1.66) 

Note: SEFI-2 = Socioeconomic Factor Index – Version 2; CI = confidence interval. Each model was adjusted for age, comorbidities, 
health services utilization, and prescription medications. Reference: quintile 1. Bolded values are statistically significant at α = 0.05. 

 

 

Table 7. Hazard ratios (95% CIs) for fully-adjusted models with multiple SES measures. 
 

Hazard Ratio (95% CI) 
Socioeconomic Measures Quintile 2 Quintile 3 Quintile 4 Quintile 5 
SEFI-2 1.20 (1.13-1.28) 1.33 (1.25-1.42) 1.50 (1.40-1.60) 1.75 (1.64-1.87) 
Social Deprivation Index 0.95 (0.90-1.01) 0.96 (0.90-1.02) 0.92 (0.86-0.98) 0.94 (0.88-1.01) 
Canadian Index of Multiple Deprivation 

Ethnocultural Composition 1.05 (0.99-1.11) 1.01 (0.96-1.07) 0.97 (0.92-1.03) 0.95 (0.90-1.01) 
Economic Dependency 1.08 (1.01-1.14) 1.04 (0.98-1.10) 1.07 (1.01-1.14) 1.06 (0.99-1.13) 

Note: SEFI-2 = Socioeconomic Factor Index – Version 2; CI = confidence interval. Each model was adjusted for age, comorbidities, 
health services utilization, and prescription medications. Reference: quintile 1. Bolded values are statistically significant at α = 0.05. 
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4.3 SES Measure Prediction Evaluation 

The model evaluation statistics are summarized in Table 8. Those models that contained 

the SEFI-2, Social Deprivation Index, Material Deprivation Index, and the residential instability 

and situational vulnerability components of the CIMD contributed a slight increase in improved 

prediction accuracy in comparison to the model considering all other risk factors (AUC = 0.753). 

The SEFI-2 and situational vulnerability components of the CIMD increasing the AUC to 0.757, 

followed by material deprivation index (AUC = 0.756), and lastly the residential instability 

component of the CIMD and the social deprivation index (AUC = 0.754). In the model 

considering multiple SES measures, the increase in prediction accuracy was no better than 

considering a single SES measure (AUC = 0.757). Overall, neither the single SES measure 

models, nor the model with multiple SES measures, reclassified individuals correctly into their 

appropriate event status as the NRI and IDI values were either negative and/or near zero. 

However, the prediction error for all of these models was very low, with all Brier scores 

rounding to 0.022. The sex stratified model evaluations are captured in Tables 11 – 12, in the 

Appendix. With sex stratified models, the prediction accuracy increased for females (AUC = 

0.785), but not males (AUC = 0.712) in the full covariate model. However, the incremental 

increase in prediction accuracy was minimal when single SES measures were added, as well as 

the model with multiple SES measures, as with the non-sex-stratified models. Additionally, 

reclassification of cases remained poor (i.e., negative and/or near zero) while prediction error 

remained low with brier scores near zero. 
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Table 8. Evaluation metrics of fully-adjusted models with single SES measure and combined 
SES measures model. 
 

Model Evaluation Metric  
AUC NRI IDI Brier 

Score 
Partially Adjusted Model  0.753   0.022 
Fully-Adjusted Model with Single SES Measure 

SEFI-2 0.757 -0.163 < - 0.000 0.022 
Material Deprivation Index 0.756 -0.116 < - 0.000 0.022 
Social Deprivation Index 0.754 0.019 < - 0.000 0.022 
Canadian Index of Multiple Deprivation 

Ethno-cultural Composition 0.753 -0.005 < - 0.000 0.022 
Economic Dependency 0.753 -0.026 < - 0.000 0.022 
Residential Instability 0.754 -0.115 < - 0.000 0.022 
Situational Vulnerability 0.757 -0.142 < - 0.000 0.022 

Fully-Adjusted Model with Combined SES Measures 0.757 -0.158 < - 0.000 0.022   
Note: AUC = Area Under the Curve, NRI = Net Reclassification Improvement, 
IDI = Integrated Discrimination Improvement, SEFI-2 = Socioeconomic Factor Index 
– Version 2. Bolded NRI and IDI values are statistically significant at α = 0.05. 
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Chapter 5: Discussion and Conclusions 

5.1 Summary 

 This research was conducted to investigate how area-level measures of SES can help 

improve prediction of CVD hospitalization for AMI and stroke. The objectives were to test the 

incremental predictive value of seven area-level SES measures and compare their predictive 

performance on time to CVD hospitalization. The study consisted of a retrospective cohort 

design following individuals 40 years of age and older for a period of four years until loss to 

follow up or the study outcome of hospitalization. Covariates that were controlled for in the 

study were risk factors previously cited in CVD risk prediction models and/or the Andersen and 

Newman Framework of Health Services Utilization. The covariates were derived from 

administrative health data and included demographic factors, such as age and sex, and clinical 

factors, specifically the presence of comorbid conditions. Additionally, the study controlled for 

AMI- and stroke-related prescription medication, and health services utilization by number of 

any physician visits and any hospitalizations.  

The area-level SES measures used in the study were derived from prior research and all 

based from the 2016 Statistics Canada Census. The scores of each SES measures were linked to 

participants based on the score of their respective DA established from their postal code in the 

Insurance Registry. The area-level SES measures were the SEFI-2, Material Deprivation Index, 

Social Deprivation Index, and the four components of the CIMD: Ethno-Cultural-Composition, 

Economic Dependency, Residential Instability, and Situational Vulnerability. These SES 

measures were chosen because some, like the SEFI-2, were developed based on the SES 

characteristics most applicable to the population of Manitoba, or offered a unique and updated 

view of marginalization, like the CIMD. Though others, specifically the Material Deprivation 
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Index, and the Social Deprivation Index, were developed initially to the context of the Quebec 

population, they have been adapted to reflect SES characteristics of the Manitoba population. 

Additionally, the CIMD is available at different geographic classifications and has been adapted 

to the prairie region, in addition to national and provincial levels where populations are larger.  

To fulfill the study objectives, multiple PH models were constructed to predict time until 

hospitalization for AMI or stroke. The models included a partially-adjusted model, with all 

administrative data-defined covariates (i.e., age, sex, comorbid conditions, health services 

utilization, and AMI/stroke-related prescription medication), and eight fully-adjusted models to 

test the independent contribution to predicting AMI and stroke hospitalization. Seven fully-

adjusted models for each of the seven SES measures on their own, and one fully-adjusted model 

with multiple SES measures that were not collinear with each other. Each model was assessed 

for predictive performance using the AUC for accuracy, the NRI and IDI for discrimination, and 

the Brier score for calibration. 

Overall, the results suggest that AMI and stroke hospitalization events followed a dose-

response pattern, specifically that risk for hospitalization tended to increase as the SES score 

quintile indicated more deprivation. The mean and median values of SES measure scores for the 

study cohort were near the Manitoba average (i.e., zero) with slight derivation toward more 

deprivation, or less, throughout. When SES measures were individually added to the partially-

adjusted risk model, those that were adept to the Manitoba context were found to be statistically 

significant at majority of quintiles in regards to their HR’s. Specifically, the SEFI-2, the Social 

Deprivation Index, and the Material Deprivation Index, were significant between all comparisons 

of the first quintile (least deprived) and the other quintiles (increasing deprivation) in time until 

hospitalization for AMI and stroke; except the comparison between first quintile and second of 
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the Social Deprivation Index, which was not statistically significant. The four CIMD components 

showed variation in their significance of HR’s, and only the Situational Vulnerability component 

presenting statistically significant differences in all quintiles’ HR’s for time until hospitalization.  

The last model fitted, with multiple SES measures, included the SEFI-2, Social 

Deprivation Index, and the Ethno-Cultural Composition and Economic Dependency components 

of the CIMD. Only the hazard ratios of the SEFI-2 remained statistically significant throughout 

all quintile comparisons. The Social Deprivation Index was only significant between quintile 1 

vs. quintile 4, and the Economic Dependency component of the CIMD was only significant at 

quintile 1 vs. quintile 2, and quintile 1 vs. quintile 4. The other component, Ethno-Cultural 

Composition, was not statistically significant in combination with the other SES measures 

considered in this modelling step.  

After controlling for covariates available in administrative health data (i.e., the partially-

adjusted model), the independent association between SES score and time until hospitalization 

for AMI or stroke was not large based on the model evaluation metrics. In comparison to the 

partially-adjusted model, the SEFI-2 and the situational vulnerability component of the CIMD 

resulted in the greatest accuracy improvement (i.e., AUC) of all SES measures and combining 

multiple SES measures into the model did not increase accuracy anymore than using these 

measures on their own. The discrimination and calibration model evaluation metrics (i.e., NRI 

and IDI) suggested that the SES measures slightly increased misclassification of cases in 

predicting time until hospitalization. Furthermore, the overall goodness of predictive ability of 

the models (i.e., error; Brier score), did not change throughout the modelling phases from the 

partially adjusted model to the model of single SES measures, nor multiple SES measures.  
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5.2 Discussion  

 Overall, using area-level SES measures to predict time until hospitalization for AMI and 

stroke does not add more predictive ability to the risk model once administrative data-based 

covariates are controlled for. The independent predictive value, as measured by the model 

evaluation metrics, of SES measures in this study was low. Though, the SES measures add value 

to describing and characterising who is at greater risk for hospitalization because the frequency 

of hospitalizations increased with increasing deprivation quintile.  

The overall accuracy of the models increased slightly between the partially-adjusted 

model and the fully-adjusted models considering one or more SES measures. Specifically, the 

greatest accuracy improvement was observed for the SEFI-2, the Situational Vulnerability 

component of the CIMD, and the model with multiple SES measures. The AUC value ranges 

from 0.50 indicating predictive ability of 50/50, or chance, to 1.0, indicating perfect prediction of 

the hospitalization order, while the improvement in prediction with these SES measures was only 

of an AUC increase of 0.004, from 0.753 to 0.757. Additionally, some literature caution that 

research using risk prediction models heavily relies on the emphasis of statistical significance of 

model performance measures such as the AUC, NRI, and IDI, for even the slightest 

improvements in AUC, NRI, and IDI being interpreted as useful.59 Therefore, the fact that the 

AUC values in this study increased slightly should not be interpreted as the SES measures 

meaningfully improving prediction accuracy. Therefore, after controlling for administrative data-

based covariates, these SES measures did not increase predictive ability of the model. 

The discrimination and calibration of the model overall suggests the SES measures 

increased misclassification of cases from their true category (i.e., hospitalized classified as 

hospitalized, and vice versa). The NRI values were negative and statistically significant for the 
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model of multiple SES measures, and each of the SES measures on their own, except the Ethno-

Cultural Composition component of the CIMD. This suggests that including SES measures into 

the prediction model produced more incorrect movement in risk probabilities. The prediction 

error of all models remained constant at a value of 0.022, near perfect accuracy (i.e., zero) 

suggesting that including the SES measures, on their own or in combination, resulted in the same 

probabilities assigned as predicting hospitalization in the partially-adjusted model. 

The AUC estimates suggests that including some of the SES measures slightly improved 

the overall predictive ability of the models. However, the NRI estimates suggest increased 

misclassification of cases, and the IDI estimates suggest the magnitude in change of risk 

probabilities was minimal. The AUC ranges from 0 to 1 (perfect accuracy); it measures the 

overall ability of the model to predict risk based on all the covariates included in the model. 

Specifically, the AUC measures whether the predicted risk of a true hospitalized case has a 

higher predicted risk in the model than a true not hospitalized case. The NRI, ranging from -1 to 

+1, measures how the predicted risk of each case changes once one or more SES covariates is 

added to the model. Negative values indicate there was more incorrect movement to the case’s 

true risk probability (e.g., decreased risk probability for a hospitalized case). The IDI, ranging 

from -1 to +1, measures the difference between the average predicted risk for events and non-

events between the partially-adjusted model and a fully-adjusted model containing one or more 

SES covariates. IDI values near zero suggest that the magnitude of change in predicted risk for 

hospitalization events (increased risk) and non-events (decreased risk) was minimal. Thus, the 

order of risk probabilities for the cohort improved in accuracy, but there was more incorrect 

movements in risk reclassification after including an SES covariate (i.e., a greater number of 

misclassifications), and these changes in risk classification were small.  
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The model accuracy performance was similar to that of other existing internationally 

based CVD risk prediction models. For example, a study using the New Zealand Index of 

Deprivation and administrative health data to capture sociodemographic information, 

comorbidities, health services utilization, and medications, found an AUC of 0.78 for their male 

model, and 0.80 for their female model. 12 Another similar study with New Zealand data found 

an AUC value of 0.71 for the male model, and 0.81 for female, and brier scores of 0.010 and 

0.018, respectively.62 Similarly, the CVDPoRt using the CCHS and the social and material 

deprivation index, found an AUC value of 0.82 for males, and 0.87 for females, and brier scores 

of 0.240 and 0.017, respectively. The CVDPort excluded the Material Deprivation Index, and the 

Social Deprivation Index from their final model because the indexes did not explain a significant 

proportion of variance once other covariates of demographic and physical health were controlled 

for. 18 The results of this study match the CVDPoRt results, in that once controlling for 

constructs such as demographics and physical health, the SES measures did not contribute to 

predictive power of who is most at risk for hospitalization. None of these studies measured 

discrimination and calibration of their models, and therefore, there is a lack of opportunity for 

comparisons. 

 Given these results, the study suggests that after controlling for demographic and clinical 

factors defined from administrative health data, area-level SES measures do not contribute useful 

information in predicting AMI and stroke hospitalization. The reasons may be two-fold. One, the 

demographic, clinical, and health services utilization information captured in administrative 

health data may already be capturing the consequences and social disadvantages that aim to be 

assigned by the SES measures. The Andersen and Newman Framework for Healthcare 

Utilization includes demographic, clinical, and health services utilization as important 
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characteristics in individual’s future access to and use of healthcare services in addition to SES-

related characteristics. The modelling started by controlling for these characteristics first, and 

therefore, may have captured the end of the causal pathway in how SES would impact 

hospitalization risk. Two, it is worth nothing that these SES measures are aggregate level 

measures and therefore do not represent micro-level, individual-specific circumstances. Using 

aggregate level information in the context of SES implies that the SES score of the DA 

participants reside in is reflective of their individual SES situation. Therefore, the exposure of 

some, implies exposure for all. Additionally, the SES effects may be positional, in that being 

abnormal to your region’s SES conditions could be the increasing risk factor to hospitalization. 

For example, in the study of CVD hospitalization prediction for US Medicare participants, the 

sample was already comprised of those that are economically disadvantaged, and SES measures 

of income was found to significantly improve hospitalization risk prediction.  In echo to this, 

prior literature cautions against using aggregated data-based socioeconomic measures for this 

reason. Aggregate socioeconomic information has been shown to have significant discrepancy to 

the individual-level gathered data of the same participants. 63 Despite the thorough methodology 

in developing the SES measures used in this study, and majority of them being adapted to the 

specific context of Manitoba, there is likely too much variability between the individual-specific 

socioeconomic circumstances and the summary attempted to be provided by the SES measures.  

5.3 Implications 

This study suggests that within this context, the covariates captured by administrative 

health data, like comorbidities, demographic risk factors, and health services utilization may be 

sufficient to capture a one-point in time snapshot of individuals’ influences on their risk of 

hospitalization. Specifically, using a single-point-in-time SES score may not provide any new 
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information on health status that is not already reflected through the conditions they are 

diagnosed with, medications they may be taking, or their interaction with the healthcare system. 

The modelling performance suggests agreement with prior publications that using aggregate 

socioeconomic-related data to extrapolate micro-level patterns should be approached with 

caution as it does not technically represent the individual-specific SES conditions. Despite SES 

measures, including the SEFI-2, the Social Deprivation Index, and Material Deprivation Index, 

being previously shown to correlate highly with health indicators like Premature Mortality Rate, 

Potential Years of Life Lost, life expectancy, and self-rated health, in Manitoba,64 it does not 

contribute to predicting individual-specific outcomes. Overall, the evidence suggests that area-

level SES measures do not offer real discrimination advantage in predicting who is most at risk 

for hospitalization in Manitoba. Until new evidence emerges, agencies and researchers in 

epidemiology that use such prediction models for the purpose of surveillance and effects of 

CVD, and policy makers that may use such studies to inform cost-effective prevention programs 

are recommended to not use area-level SES measures to infer individual-level outcomes.  

5.4 Strengths and Limitations  

 There are several strengths and limitations to this study. The first strength is the 

population-based data sources which better captures the generalization of results to the 

population of interest – Manitobans – while also providing greater reliability of the results. The 

cohort consisted of all participants who were eligible for Manitoba Health Insurance and minor 

exclusions to the cohort reduced selection bias, ensuring that the study cohort size is 

representative of those who live in Manitoba. Furthermore, the study used administrative health 

data for establishing the outcome of interest, as well as its comorbid conditions and health 

services utilization variables, which provided an objective way to capture interactions with the 
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healthcare system as opposed to self-report methods. Additionally, administrative health data 

offered minimal misclassification bias of hospitalizations as the staff who input the codes are 

trained and the outcome is well defined. The covariates constructed were straight forward and 

comprehensive, for example, capturing the presence of comorbid conditions (i.e., yes vs. no), or 

the number of any physician visits or any hospitalizations. The study also included a large 

observation window to gather such healthcare data, with a four-year study period for follow up, 

and two years to establish diagnosed comorbid conditions, medications, and interactions with the 

healthcare system. This study also included the use of area-level SES measures that were pre-

established by other researchers or governmental agencies and have been published in peer 

reviewed journals. Therefore, the SES measures were built on pre-established methods of 

defining the geographic areas, and the SES scores themselves are based on data gathered from 

large representative samples of the population of Manitoba.  

 Complimentary to some of the strengths of this study are its limitations. Using the 

administrative health data means that it only captures those individuals who seek out care and 

interact with the healthcare system, therefore those that face limitations in accessing care, like 

Northern communities, are likely underrepresented in the comorbidities they may be living with. 

Additionally, this type of data only captures the comorbid conditions for which a diagnosis has 

been inputted into the system, therefore, likely missing risk factors present in participants’ health 

but have not been diagnosed or sought care for. A special case to note here is the diagnosis of 

obesity, as it was used as one of the comorbid conditions to control for in the study, for which 

the prevalence of obesity has been shown to be underrepresented in administrative health data in 

Manitoba compared to self-report methods.24 Therefore, despite being an important risk factor 

for CVD, participants’ obesity status was likely not well captured. Similarly, controlling for 
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medications in this study follows a comparable limitation. Though the record shows who was 

prescribed AMI and stroke-related medications, it cannot be known whether the participants take 

the medication as instructed by their physician.  

There are also several limitations to the use of area-level SES measures. Though the 

Canada Census is mandatory to complete, and the sampling techniques put in place by Statistics 

Canada are thorough to capture a representative sample of the Canadian population, it is still 

prone to response biases as any other type of self-report data. Therefore, the variables and the 

responses that make up the scores of the SES measures are also subject to response bias. 

Additionally, unlike the SEFI-2, the Social Deprivation Index, and the Material Deprivation 

Index, each of the CIMD components scores were based on a prairie level context (i.e., Alberta, 

Saskatchewan, and Manitoba) and therefore less specific to the socioeconomic factors most 

important to Manitoba itself. Furthermore, the DA areas established by Statistics Canada vary in 

the size of geographic regions they cover, therefore DA’s within urban centers like Winnipeg, 

capture greater ranging socioeconomic conditions. Also, the postal code used to assign 

participants to their DA was based on the code listed in the Insurance Registry at a specific point 

in time, which may not have represented their real living location at the study time period, nor 

capture their residential history, both limiting the knowledge of their long-term SES.  Lastly, all 

of the SES measures in this study do not capture any information on lifestyle variables or risk 

factors that are important to CVD risk, such as physical activity or diet.  

5.5 Opportunities for Future Research 

 There are several recommendations to propose for next steps in exploring whether area-

level SES measures based off the Canada Census are appropriate for risk prediction in 

combination with administrative health data. Firstly and most importantly, risk prediction models 
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should continue to control for the drivers of SES, like demographics, comorbid conditions, and 

health services utilization. Secondly, further evidence is needed for how area-level SES measures 

compare to individual-level SES measures in predicting CVD hospitalization. Given that all of 

the SES measures were derived from the Canada Census, it is feasible to also make comparisons 

on individual-level data from the Canada Census on data such as income and education. The 

research can also be expanded to be tested in other provinces and territories and their respective 

SES measures. For example, the Social Deprivation Index, and the Material Deprivation Index, 

were originally developed in Quebec and would be appropriate to adapt to their health context. 

Other SES measures, like the CIMD is available at the national level, as well as other provinces 

like British Columbia or Ontario. Thirdly, future research could explore how these SES measures 

perform as predictors without clinical information (i.e., reversing the modelling order conducted 

in this study). In this study, the SES measures were added after controlling for demographics, 

comorbidities, medications, and health services utilization, to assess their addition to 

administrative health data, but not their predictive ability on their own. Future modelling could 

reserve the order and include the SES measures alone, followed by demographics, and 

administrative health data-based covariates. In addition to this, the SES measures could be 

modified in the following ways: First, pending the SES scores of each component going in the 

same direction, the CIMD component scores can be combined into a single composite score and 

tested in their prediction value as one. Second, consider using more than one residency point to 

establish a composite score of each participants’ SES scores which would better capture their 

socioeconomic history than a single point in time measure. Lastly, specific to this study’s 

methodology, the observation window of the study period could be expanded to decades to 

follow younger age groups for a longer period and investigate how the socioeconomic history 
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over a lifespan impacts time until hospitalization. Additionally, future research can investigate 

how these SES measures would perform in predicting other conditions, especially those 

pertaining to mental health, which can have more of a social-cause component.   

5.6 Conclusion  

 Area-level SES measures based off the Canada Census do not add predictive value to 

hospitalization of AMI or stroke after controlling for demographics, comorbid conditions, 

medications, and health services utilization defined from administrative health data. In this study, 

the SES measures performed poorly in improved accuracy, discrimination, and calibration to 

predict time until AMI and stroke hospitalization in the Manitoban population. Despite the SES 

measures being adept to the context of the province, or the prairie region, they did not improve 

individual-level prediction of who was most at risk in the population of Manitoba based on their 

DA’s score on each SES measure. Until further evidence emerges, researchers, epidemiologists, 

and policy makers in Canada are recommended to not rely on area-level SES measures to 

account for individual-level SES conditions. 
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Appendix A. Distribution of standardized factor scores of each area-level socioeconomic 

status (SES) measure. 

 

 
Figure A.2. Distribution of SEFI-2 standardized factor scores in the study cohort. 
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Figure A.3. Distribution of Material Deprivation Index standardized factor scores in the study 
cohort. 
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Figure A.4. Distribution of Social Deprivation Index standardized factor scores in the study 
cohort. 
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Figure A.5. Distribution of Canadian Index of Multiple Deprivation (CIMD) Ethno-Cultural 
Composition component standardized factor scores in the study cohort. 
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Figure A.6. Distribution of Canadian Index of Multiple Deprivation (CIMD) Economic 
Dependency component standardized factor scores in the study cohort. 
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Figure A.7. Distribution of Canadian Index of Multiple Deprivation (CIMD) Residential 
Instability component standardized factor scores in the study cohort. 
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Figure A.8. Distribution of Canadian Index of Multiple Deprivation (CIMD) Situational 
Vulnerability standardized factor scores in the study cohort. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



68 
 

Appendix B. Frequencies and percentages for socioeconomic (SES) measures’ quintiles by censoring event. 

 
Table B.9. Frequencies (%) for socioeconomic (SES) measure quintiles for cohort members censored at study end date (N = 551,955). 

 

 
 
 
 
 
 
 
 

 

  

Socioeconomic Measures Quintile 1 Quintile 2 
 

Quintile 3 Quintile 4 Quintile 5 

SEFI-2 113,192 (20.5) 111,148 (20.1) 110,818 (20.1) 108,395 (19.6) 108,402 (19.6) 
Social Deprivation Index 113,386 (20.5) 112,052 (20.3) 111,227 (20.2) 109,458 (19.8) 105,832 (19.2) 
Material Deprivation Index 112,516 (20.4) 111,640 (20.2) 109,976 (19.9) 109,127 (19.8) 108,696 (19.7) 
Canadian Index of Multiple Deprivation 

Situational vulnerability 111,410 (20.2) 112,420 (20.4) 109,932 (19.9) 109,423 (19.8) 108,770 (19.7) 
Ethno-cultural composition 111,152 (20.1) 109,734 (19.9) 110,196 (20.0) 110,773 (20.1) 110,100 (20.0) 
Residential instability 112,957 (20.5) 113,039 (20.5) 112,281 (20.3) 107,587 (19.5) 106,091 (19.2) 
Economic dependency 112,728 (20.4) 111,950 (20.3) 111,217 (20.2) 109,286 (19.8) 106,774 (19.3) 
Note: SEFI-2 = Socioeconomic Factor Index Version 2 (SEFI-2). 
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Table B.10. Frequencies (%) for socioeconomic (SES) measure quintiles for cohort members hospitalized for AMI during the study 
period (N = 8,665). 

 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 

Socioeconomic Measure Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5 
SEFI-2 1,191 (13.7) 1,537 (17.7) 1,756 (20.3) 1,991 (23.0) 2,190 (25.3) 
Social Deprivation Index 1,456 (16.8) 1,629 (18.8) 1,677 (19.4) 1,784 (20.6) 2,119 (24.5) 
Material Deprivation Index 1,205 (13.9) 1,543 (17.8) 1,815 (21.0) 1,897 (21.9) 2,205 (25.3) 
Canadian Index of Multiple Deprivation 

Situational vulnerability 1,364 (15.7) 1,488 (17.2) 1,708 (19.7) 1,914 (22.1) 2,191 (25.3) 
Ethno-cultural composition 2,057 (23.7) 1,690 (19.5) 1,694 (19.6) 1,6.08 (18.6) 1,616 (18.7) 
Residential instability 1,516 (17.5) 1,529 (17.7) 1,784 (20.6) 1,828 (21.1) 2,008 (23.2) 
Economic dependency 1,392 (16.1) 1,607 (18.6) 1,687 (19.5) 1,818 (21.0) 2,161 (24.9) 
Note: SEFI-2 = Socioeconomic Factor Index Version 2 (SEFI-2). 
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Table B.11. Frequencies (%) for socioeconomic (SES) measure quintiles for cohort members hospitalized for stroke during the study 
period (N = 4526). 

Note: SEFI-2 = Socioeconomic Factor Index Version 2 (SEFI-2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Socioeconomic Measure Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5 
SEFI-2 679 (15.0) 793 (17.5) 862 (19.1) 1,073 (23.7) 1,119 (24.7) 
Social Deprivation Index 711 (15.7) 800 (17.7) 873 (19.3) 898 (19.8) 1,244 (27.5) 
Material Deprivation Index 703 (15.5) 784 (17.3) 982 (21.7) 979 (21.6) 1,078 (23.8) 
Canadian Index of Multiple Deprivation 

Situational vulnerability 746 (16.5) 815 (18.0) 929 (20.5) 961 (21.2) 1,075 (23.8) 
Ethno-cultural composition 897 (19.8) 845 (18.7) 933 (20.6) 941 (20.8) 910 (20.1) 
Residential instability 745 (16.5) 742 (16.4) 931 (20.6) 912 (20.2) 1,196 (26.4) 
Economic dependency 735 (16.2) 830 (18.3) 818 (18.1) 984 (21.7) 1,159 (25.6) 
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Table B.12. Frequencies (%) for socioeconomic (SES) measure quintiles s for cohort members censored at death during the study 
period (N = 33,977). 

Socioeconomic Measure Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5 
SEFI-2 4,549 (13.4) 5,991 (17.6) 6,883 (20.3) 8,374 (24.7) 8,180 (24.1) 
Social Deprivation Index 4,324 (12.7) 5,681 (16.7) 6,008 (17.7) 7,405 (21.8) 10,559 (31.1) 
Material Deprivation Index 5,041 (14.8) 5,828 (17.2) 7,184 (21.1) 7,849 (23.1) 8,075 (23.8) 
Canadian Index of Multiple Deprivation 

Situational vulnerability 5,635 (16.6) 5,687 (16.7) 7,322 (21.6) 7,449 (21.9) 7,884 (23.2) 
Ethno-cultural composition 7,459 (22.0) 6,133 (18.1) 7,095 (20.9) 6,873 (20.2) 6,417 (18.9) 
Residential instability 4,709 (13.9) 4,978 (14.7) 6,539 (19.3) 7,566 (22.3) 10,185 (30.0) 
Economic dependency 4,920 (14.5) 5,509 (16.2) 6,328 (18.6) 7,107 (20.9) 10,113 (29.8) 

Note: SEFI-2 = Socioeconomic Factor Index Version 2 (SEFI-2). 
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Table B.13. Frequencies (%) for socioeconomic (SES) measure quintiles for cohort members censored at migration out of province 
during the study period (N = 7,792). 

Socioeconomic Measure Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5 
SEFI-2 1,820 (23.4) 1,562 (20.1) 1,451 (18.6) 1,470 (18.9) 1,489 (19.1) 
Social Deprivation Index 1,402 (18.0) 1,315 (16.9) 1,505 (19.3) 1,703 (21.9) 1,867 (24.0) 
Material Deprivation Index 1,921 (24.7) 1,585 (20.3) 1,426 (18.3) 1,544 (19.8) 1,316 (16.9) 
Canadian Index of Multiple Deprivation 

Situational vulnerability 1,682 (21.6) 1,643 (21.1) 1,448 (18.6) 1,466 (18.8) 1,553 (19.9) 
Ethno-cultural composition 1,271 (16.3) 1,303 (16.7) 1,590 (20.4) 1,701 (21.8) 1,927 (24.7) 
Residential instability 1,365 (17.5) 1,519 (19.5) 1,425 (18.3) 1,580 (20.3) 1,903 (24.4) 
Economic dependency 2,028 (26.0) 1,570 (20.2) 1,427 (18.3) 1,317 (16.9) 1,450 (18.6) 

Note: SEFI-2 = Socioeconomic Factor Index Version 2 (SEFI-2). 
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Appendix C. Correlation matrix of socioeconomic (SES) measures’ quintiles. 

Table C.14. Correlations between socioeconomic (SES) measures score quintiles. 

Note: SEFI-2 = Socioeconomic Factor Index Version 2 (SEFI-2). All correlations were statistically significant at α = 0.05. 
 
 
 
 
 
 
 
 
 
 
 
 
  

Socioeconomic Measures  Canadian Index of Multiple Deprivation 
SEFI-2 Material 

Deprivation 
Index 

Social 
Deprivation 
Index 

Situational 
vulnerability 

Ethno-cultural 
composition 

Residential 
instability 

Economic 
dependency 

SEFI-2 1.00 0.88 0.53 0.81 0.12 0.39 0.02 
Material Deprivation Index  1.00 0.35 0.70 0.02 0.24 0.13 
Social Deprivation Index   1.00 0.43 0.16 0.80 0.16 
Canadian Index of Multiple Deprivation 

Situational vulnerability    1.00 0.07 0.29 -0.11 
Ethno-cultural composition     1.00 0.02 -0.39 
Residential instability      1.00 0.29 
Economic dependency       1.00 
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Appendix D. Sex stratified Cox Proportional Hazards models.  

Table D.15. Hazard ratios (95% CIs) for fully-adjusted models with a single socioeconomic (SES) measure, males. 
 

Hazard Ratio (95% CI) 
Socioeconomic Measures Quintile 2 Quintile 3 Quintile 4 Quintile 5 
SEFI-2 1.16 (1.08-1.25) 1.29 (1.20-1.39) 1.40 (1.30-1.50) 1.58 (1.47-1.70) 
Material Deprivation Index 1.21 (1.12-1.30) 1.39 (1.29-1.49) 1.36 (1.26-1.47) 1.60 (1.49-1.73) 
Social Deprivation Index 1.00 (0.93-1.08) 1.04 (0.97-1.13) 1.06 (0.99-1.14) 1.12 (1.04-1.20) 
Canadian Index of Multiple Deprivation 

Ethno-cultural Composition 0.96 (0.89-1.02) 0.92 (0.86-0.98) 0.94 (0.88-1.01) 0.93 (0.87-1.00) 
Economic Dependency 1.12 (1.04-1.20) 1.01 (0.94-1.09) 1.07 (0.99-1.15) 1.11 (1.03-1.19) 
Residential Instability 0.91 (0.85-0.98) 0.99 (0.93-1.06) 0.99 (0.93-1.07) 1.02 (0.95-1.10) 
Situational Vulnerability 1.09 (1.01-1.17) 1.15 (1.07-1.24) 1.30 (1.21-1.39) 1.50 (1.40-1.61) 

Note: SEFI-2 = Socioeconomic Factor Index – Version 2; CI = confidence interval. Each model was adjusted for age, comorbidities, 
health services utilization, and prescription medications. Reference: quintile 1. Bolded values are statistically significant at α = 0.05. 
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Table D.16. Hazard ratios (95% CIs) for fully-adjusted models with multiple socioeconomic (SES) measures, males.  
 

Hazard Ratio (95% CI) 
Socioeconomic Measures Quintile 2 Quintile 3 Quintile 4 Quintile 5 
SEFI-2 1.24 (1.14-1.34) 1.41 (1.30-1.54) 1.57 (1.44-1.72) 1.77 (1.62-1.92) 
Social Deprivation Index 0.92 (0.85-0.99) 0.88 (0.82-0.96) 0.85 (0.79-0.93) 0.85 (0.78-0.93) 
Canadian Index of Multiple Deprivation 

Ethno-cultural Composition 1.03 (0.96-1.11) 0.98 (0.91-1.05) 0.98 (0.91-1.06) 0.92 (0.85-1.00) 
Economic Dependency 1.11 (1.03-1.20) 1.01 (0.93-1.09) 1.07 (0.99-1.16) 1.08 (1.00-1.17) 

Note: SEFI-2 = Socioeconomic Factor Index – Version 2; CI = confidence interval. Each model was adjusted for age, comorbidities, 
health services utilization, and prescription medications. Reference: quintile 1. Bolded values are statistically significant at α = 0.05. 

 



Table D.17. Hazard ratios (95% CIs) for fully-adjusted models with a single socioeconomic (SES) measure, females. 
 

Hazard Ratio (95% CI) 
Socioeconomic Measures Quintile 2 Quintile 3 Quintile 4 Quintile 5 
SEFI-2 1.16 (1.05-1.28) 1.24 (1.12-1.37) 1.39 (1.27-1.53) 1.70 (1.55-1.87) 
Material Deprivation Index 1.16 (1.05-1.27) 1.25 (1.14-1.38) 1.34 (1.22-1.47) 1.62 (1.48-1.78) 
Social Deprivation Index 1.09 (0.98-1.20) 1.20 (1.09-1.33) 1.18 (1.07-1.30) 1.30 (1.19-1.43) 
Canadian Index of Multiple Deprivation 

Ethno-cultural Composition 0.97 (0.89-1.06) 1.00 (0.91-1.09) 0.93 (0.86-1.02) 1.01 (0.92-1.10) 
Economic Dependency 0.98 (0.89-1.08) 1.05 (0.96-1.15) 1.03 (0.94-1.13) 1.05 (0.96-1.15) 
Residential Instability 1.06 (0.96-1.17) 1.18 (1.07-1.30) 1.17 (1.06-1.28) 1.18 (1.08-1.30) 
Situational Vulnerability 1.11 (1.00-1.22) 1.23 (1.12-1.35) 1.34 (1.22-1.47) 1.66 (1.51-1.82) 

Note: SEFI-2 = Socioeconomic Factor Index – Version 2; CI = confidence interval. Each model was adjusted for age, comorbidities, 
health services utilization, and prescription medications. Reference: quintile 1. Bolded values are statistically significant at α = 0.05. 
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Table D.18. Hazard ratios (95% CIs) for fully-adjusted models with multiple socioeconomic (SES) measures, females. 
 

Hazard Ratio (95% CI) 
Socioeconomic Measures Quintile 2 Quintile 3 Quintile 4 Quintile 5 
SEFI-2 1.15 (1.03-1.28) 1.21 (1.09-1.35) 1.38 (1.24-1.54) 1.71 (1.54-1.91) 
Social Deprivation Index 1.04 (0.93-1.15) 1.11 (0.99-1.23) 1.03 (0.92-1.15) 1.08 (0.96-1.21) 
Canadian Index of Multiple Deprivation 

Ethno-cultural Composition 1.07 (0.98-1.17) 1.05 (0.96-1.15) 0.95 (0.86-1.04) 0.97 (0.88-1.07) 
Economic Dependency 1.01 (0.91-1.12) 1.09 (0.99-1.21) 1.06 (0.96-1.17) 1.03 (0.93-1.13) 

Note: SEFI-2 = Socioeconomic Factor Index – Version 2; CI = confidence interval. Each model was adjusted for age, comorbidities, 
health services utilization, and prescription medications. Reference: quintile 1. Bolded values are statistically significant at α = 0.05. 
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Table D.19. Evaluation metrics for partially- and fully-adjusted models with single socioeconomic (SES) measure and multiple SES 
measures, males. 
 

Model Evaluation Metric  
AUC           NRI IDI Brier Score 

Partially-Adjusted Model  0.712   0.027 
Fully-Adjusted Models with Single SES Measure 

SEFI-2 0.716 -0.136 < -0.000 0.027 
Material Deprivation Index 0.716 -0.105 < -0.000 0.027 
Social Deprivation Index 0.712 -0.010 < -0.000 0.027 
Canadian Index of Multiple Deprivation 

Ethno-cultural Composition 0.712 -0.002 < -0.000 0.027 
Economic Dependency 0.713 -0.060 < -0.000 0.027 
Residential Instability 0.712 -0.044 < -0.000 0.027 
Situational Vulnerability 0.716 -0.122 < -0.000 0.027 

Fully-Adjusted Model with Multiple SES Measures 0.717 -0.139 -0.001 0.027 
Note: AUC = area under the receiver operating characteristic curve; NRI = net reclassification improvement; IDI = integrated 
discrimination improvement; SEFI-2 = Socioeconomic Factor Index – Version 2. Covariate model is partially-adjusted containing 
only age, sex, comorbidities, medication, and health services utilization. Bolded NRI and IDI values are statistically significant at α = 
0.05. 
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Table D.20. Evaluation metrics for partially- and fully-adjusted models with single socioeconomic (SES) measure and multiple SES 
measures, females.  
 

Model Evaluation Metric  
AUC NRI IDI Brier Score 

Partially Adjusted Model  0.785   0.017 
Fully-Adjusted Models Single SES Measure 

SEFI-2 0.789 -0.207 < -0.000 0.017 
Material Deprivation Index 0.788 -0.149 < -0.000 0.017 
Social Deprivation Index 0.786 -0.048 < -0.000 0.017 
Canadian Index of Multiple Deprivation 

Ethno-cultural Composition 0.785 -0.046 < -0.000 0.017 
Economic Dependency 0.785 -0.108 < -0.000 0.017 
Residential Instability 0.786 -0.186 < -0.000 0.017 
Situational Vulnerability 0.789 -0.161 < -0.000 0.017 

Fully-Adjusted Model with Multiple SES Measures 0.789 -0.184 < -0.000 0.017 
Note: AUC = area under the receiver operating characteristic curve; NRI = net reclassification improvement; IDI = integrated 
discrimination improvement; SEFI-2 = Socioeconomic Factor Index – Version 2. Covariate model is partially-adjusted containing 
only age, sex, comorbidities, medication, and health services utilization. Bolded NRI and IDI values are statistically significant at α = 
0.05. 
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