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Abstract

Socioeconomic factors are associated with asth lated emergency d D)
geney dep

in the USA. This thesis reviewed the literature examining the association between

Visits

its and hospita Secondly.

related ED vi

socioeconomic status (SES) and

it the ED in Ontario,

ted if the SES of adult patients with asthma who v

it investig:

Canada is related to the frequency of ED visits. Using data from the Ontario Asthma
Regional Variation Study and Statistics Canada’s 2001 Census. the following SES

stics of asthma-related ED visitors were described: age. sex. household income.

achievement. and employment status. Using

marital status, highest level of educational
additional data from the Canadian National Ambulatory Care Reporting Service.

alyses of SES characteristics on ED visit

Gson regression a

univariate and multivariate Pois

counts were conducted and demonstrated that lower household income and lower level off

K of D visits.

educational attainment were related to an increased ris
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1 Introduction and Overview

1.1 Introduction

Asthma is a chronic inflammatory discase of the airways affecting 8.4% of Canadian

adults and 6.7% of American adults."? Asthma exacerbations account for 1% of all

in the United States and are

ambulatory visi ssociated with a large number of

in unacceptably high with as

hospitalizations.”" Mortality from asthma continues to rer

clated deaths per 1,000,000 persons each year in the United States.'

many 1520 asthm

The World Health Organization has estimated that 15 million disability-adjusted life

years (DALYs) are lost annually due to asthma. This represents 1% of the total global

its exacerbations exact a s

discase burden.” Clearly. as

ignificant cost to society

both financially and in terms of health status.

Many risk factors have been implicated in asthma exacerbations. hospitalizations. and

deaths.  Genetic factors relating to atopy and  bronchial - hyperresponsivensess.

environmental factors  such occupation, allergen exposure. tobacco smoke and

exposure to air pollution and certain sociodemographic and socioeconomic factors have

all been identified to be associated with increased asthma cost and morbidity

Socioeconomic factors remain one of the most consistently associated factors with

asthma-related ED visits and hospitalizations. Specifically. the most extensively studied

SES determinants associated with asthma morbidity include: marital status, sex. r:



houschold income. education, employment status, and socioeconomic status of the region

o g
in which an individual lives.”""

1.2 Epidemiology of asthma and socioeconomic status — A brief review
of the literature

Despite being extensively studied there has been no formal review of the body of current

literature ining the iation of asthma and soci factors identified after

extensive searching. It has therefore been difficult to determine the relative importance
and magnitude of the relationships observed. Such a review is complicated by the
utilization of markedly different rescarch methodologies between different studies and a

lack of a standard set of socioeconomic variables of interest. outcome measures. or

inclusion and exclusion ¢

teria for study subj

1.3 Literature Review

Wh:

is known about the epi iology of the i ip between socioecy ic status
and asthma is bricfly summarized below. A comprehensive systematic narrative review off

the literature is presented as a separate chapter of this thesis.

Perhaps the most consistently a ated socioeconomic determinant associated with

increased ED visits and hospitalizations is race/ethnicity. Dozens of articles have been

published over the last 30 years that unequivocally demonstrate that members of visible



- ; o : o B e
minorities such as African Americans”", s Alaskan Natives'. Canadian

e R :
Aboriginals'®, and New Zealand Maori Indians'” have higher ED visits and
hospitalizations. In fact, only 2 of 51 articles in the following comprehensive review

varied from this trend.

Age and sex differences in the epidemiology of asthma have been recognized for some
time. These differences appear to be dependent on age in that females younger than 15 are

half as likely to have ED visits and hospitalizations than males, whereas females older

than 15 year

are twice as likely to have ED visits and hospitalizations than males. ™"

Additionally, amongst adults with asthma, younger persons fair less well than older

persons and there is a clear gradient of decreasing asthma-related ED visits and

hospitalizations with increasing age that has been demonstrated in several studies and in

epidemiological surveillance data.™*

The epidemiology of income and its relationship to the epidemiology of asth related

ED vis

s and hospitalizations has been studied with two ba

sic approaches. In the first.

and most straightforward approach. a person’s or houschold’s self-reported income is

used to form eategories which ar

subsequently analyzed. The second approach. which is

far more common, uses I small-arca census or i data to estimate a

person’s or s income. Individuals or houscholds are v assigned an
income and analyzed as if they had self-reported actual income. Regardless of how
income was derived. the majority of published studies demonstrate an increased risk of an

13,1820

sthma-related ED visit or | ization with

» index of income.




Some 20 studies have examined the association of highest level of educational attainment

on asthma-related ED visi al trend that is identified in

and/or hospitalizations. The genct

these studies is that incre

ing educational attainment is associated with fewer asthma-

related ED visits and hospitalizations However, the literature in this arca is less

conclus

ve than the strong association identified for rac

cthnicity. income or sex. A

or weak associ;

higher proportion of studics no as

5
only.®

Only 10 studies have examined the association of labor force activity and asthma-related

ED vis

s and/or hospitalizations. The quality of this literature is poor. All but one study

presented descriptive data only. The single study that presented a statistical analysis of the

ociated with an odds ratio of 1.57 for an

association found that being unemployed was

sl lated ED vis pared with being employed." The ining des

iptive

data suggests that a relationship exists but further work needs to be done to clarify

whether unemployment is associated with an increased risk of ED  vis

hospitalizations.

Finally, the association between marital status and asthma-related ED visits and/or

13.2024

hospitalizations has been examined in 4 studies None have shown any clear

association with ing

isits or hospitalizations.



1.4 Canadian Literature Review

Much of the literature examining this question has been produced in the United States ol

America, where, unlike Canada, there is no universal health care system. Hence. the true

I hma morbidity and mortality in

ables on as

of the impact of" ic va
Canada is unknown. Canada has a universal socialized health care system in which

re and morbidity patterns should  theoretically  be

socioeconomic  variation in  ca

Ith care system. socioeconomic disparities do

minimized. However, despite such a he

7 Table 1-1 summarizes the current Canadian literature that met inclusion criteria

exist.”

ation between sociocconomic

for the accompanying literature review regarding the

status and asthma-related ED visits and pil

It is clear from the paucity of high-quality epidemiological rescarch that the true

de of the impact of socioec ic variables on asthma morbidity and mortality in

lack of understanding and

not been well studied. This

Canada is unknown and has

literature underlies the motivation for, and the design of. the following thesis




Table 1-1: Canadian Literature Review

Socioec

e Determinant

Sev’ 9

Race '
Small-Area Income™ ' 3
Individual Income’™ 1
Highest Level of Educational Attainment* 4
Employment Status 0
Marital Status 0

Description of Findings

Seven of 9 studies der ted an increased mumber of 1)

st

visits and Hospitalizations for adult females. The major

showed |

pected 221 ratio. Two of seven studies found

o association

Nomwhite races were associated with increased odds of

imission in one study but ot i

another. I one study here

was 4 higher than expected 1

et of non-white visitors

The majority of these studies were descriptive only

bl found to be associated with

her rish for an admission

ered as a sk 1

associated with a hig

odds of admission to hospital

None available

None

ble



1.5 Thesis Hypothesis and Objectives

The hypotheses of the following thesis are:

1. There is a general trend of increasing asthma-related morbidity with increasing

socioeconomic disadvantage.

2. Canadian patients with asthma who visit the Emergency Department (ED) consist
of an increased proportion of socioeconomically disadvantaged persons than the
general population.

3. Canadians with lower SES have a higher risk of asthma-related morbidity and

tend to visit the ED more frequently than those with higher SES.

In order to address the under

ving hypothesis of this thesis. three major objectives have
been identified. These objectives are addressed sequentially in separate manuseripts and

form the chapters of the following thesis. The three objective of this thesis are:

1. To conduct a systematic nan

tive review of the adult literature examining the

between

of health and asthma-related

emergency department visits and hospitalizations.



ven small

2. To determine if adult patients with asthma who visit the ED from a gi
geographic area in Ontario, Canada have different SES characteristics than the

general population with respect to the following SES determinants: age. sex.

houschold income, marital status, level of  educational  attainment.  and

employment status.

T'o determine if the socioeconomic status of adult patients with asthma who visit

the ED in Ontario, Canada is related to ED vis

t rate

or the risk of an asthma-

related ED visit.

1.6 Description of the following Manuscripts

1.6.1 Manuscript |

Manuseript 1 addres

1. Manuseript 1 is a sys

ic narrative review

of the available literature addressing the association of selected  socioeconomic

with as

related ED visits and i Abstracted data is

presented sep

anying appendices. The review included several

study types including cohort (prosy

and retrospective). ecological, case-control, and

surveys or other cross-sectional type studies which included data on one of the following

socioeconomic determinants of health: a

sex. race. individual measures of income.

regional geographic measures of income, level of educational attainment. labor force



activity., and marital status. The review included adult patients older than 14 years of

with a se. The

s of asthma and excluded other types of obstructive lung dis

amounts of adult

lower limit age of 14 years was chosen to avoid excluding I
literature that included patients of this age without exposing the review to significant
amounts of pediatric data. The primary endpoints of interest were asthma-related

emergency department visits and hospitalizations.

1.6.2 Manuscript 2

s data from the Ontario

Manuscript 2 addresses thesis objective 2. Manuscript 2

Asthma Regional Variation Study (OARVS) (from March 1. 2001 - February 28. 2002)
and 2001 Statistics Canada General Population Census Data (20% sample. weighted).

S characteri:

Using this data. the following are described: age. sex. houschold

income, single parent houscholds. education. and employment status.™ After dataset

linkage. comparisons between the general population and a sample of asthma-related ED

visitors were made using Chi-Square and Mantel-Haenszel tests

aphic area.

1.6.3 Manuscript 3
Manuscript 3 addresses thesis objective 3. Manuscript 3 uses data from the Ontario

Asthma Regional Variation Study. the 2001 Statistics Canada General Population Census.

and the National Ambulatory Care Reporting System (NACRS). After dataset linkage.

socioeconomic  stratum specific emergency department visit counts were tabulated.




Subsequently. univariate and multivariate Poi

sson regression analyses of age category.

sex. median hous

hold income category, and level of

ducational attainment category on

emergency department visit counts were conducted.
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2 Manuscript I - Socioeconomic status and asthma: A

narrative review of the literature

systemati

2.1 Manuscript I: Abstract

2.1.1  Rationale
Asthma is a chronic inflammatory discase of the airways affecting 8.4% of Canadian

adults and 6.7% of American Adults."” Mortality from asthma continues to remain

unacceptably high with as many as 15-20 asthma-related deaths per 1.000.000 persons

r in the United States.” Many risk factors have been implicated in asthma

exacerbations. However., socioeconomic factors remain one of the most consistently

factors  with emergency  department (D) visits  and

hospitalizations. Specifically. sex. age, race. personal income. geographic location,

. . . . e
ceducational attainment and marital status have been variously identified.

2.1.2 Methods

T'his review included studies which reported data on one of the following socioeconomic
determinants of health: age. sex, race. individual measures of income. regional
geographic measures of income, level of educational attainment. labor force activity. and
marital status. Selected studies included adult patients older than 14 years of age with a

diagnosis of asthma and excluded other types of obstructive lung discase. The primary

Ipoints of interest were asth related ED visits and hospitalizations.



2.1.3  Results

Strong relationships demonstrating increased risk of an asthma-related ED visit or
hospitalization were demonstrated for younger adults, females., persons of non-white race.
and lower income groups. Having a lower level of educational attainment was also
associated with increased asthma-related ED visits and hospitalizations but with

significantly less robust supporting literature. Few studies examined the association of’

marital status or employment status to asthma-related ED visits and hospitalizations. A
few studies did suggest that unemployment and being single might represent risk factors

for asthma-related morbidity.

2.1.4  Conclusion

Non-white race. age, female sex. low-income. and lower educational attainment. are

sed asthma-related ED v

with incre s and hospitalizations. Marital status

and employment status may be related to increased asthma-related morbidity but require

further study

2.2 Manuscript I: Body

2.2.1 Background

Asthma is a chronic inflammatory discase of the airways affecting 8.4% of Canadian

adults and 6.7% of American Adults."? Asthma exacerbations account for 1% of all

2
S



ambulatory v

sits in the United States and are associated with a large number of

239

hospitalizations.™” Mortality from asthma continues igh with as

to remain unacceptably h

many 15-20 asthma-related deaths per 1.000.000 population each year in the United

States.” The World Health Organization has estimated that 15 million disability-adjusted

life years (DALYs) are lost each year due to asthma. This represents 1% of the total

global discase burden.'

Many risk factors have been impli in asthma exacerbations, and

deaths.  Genetic  factors  relating to atopy and bronchial hyperresponsivensess.

environmental factors such as occupation, allergen exposure, tobacco smoke and

exposure 1o air pollution and certain sociodk hic and socioecy ic factors have

all been identified as influencing these outcomes.'" Sociocconomic status remains one of

its and

the most istently identified iati with asthma-related  ED  vis

hospitalizations. Specifically, sex. age, race. personal income. geographic location,

educational attainment and marital status have been variously identified.*

Despite being extensively studied. no formal review of the body of current literature

sociation of asthma morbidity and socioeconomic factors was identified

examining the
in the literature. It has therefore been difficult to determine the relative importance and

magnitude of the relationships obscrved. Such a review is complicated by the utilization

of markedly different research methodologies between different studies and a lack of a

standard set of socioeconomic variables of interest, outcome measures, or inclusion and

exclusion criteria for study subjects.




222 Objective

I'he objective of the current study is to conduct a systematic narrative review of the adult

literature ining the fation between sociy mic d i of health and

ated emergency department visits and

2.2.3  Methods

2.2.3.1 Inclusion Criteria

22.3.1.1 Types of studie:

All studies included in this review were observational in nature. Included study types

were cohort (prospective and ive). ecological, case-control, and surveys o other

cros

-sectional  studies  which included data on one or more of the following

socioeconomic determinants of health: age. sex. race. individual measures of income.

ional geographic measures of income, level of educational attainment. labor force

activity. and marital status.

2.2.3.1.2 Types of participants
This study included patients older than 14 years of age with a diagnosis of asthma.
Several studies included data from both patients older than age 14 years and those age 14

years and younger. Data from patients <l4years of age were included only when a study




contained data from patients older than 14 years. If a study included younger individuals,

whenever possible. only data for patients greater than 14 years of age were reported in

this review. The lower limit age of 14 years was chosen (o avoid excluding large amounts
of adult literature that included patients of this age without exposing the review to
significant amounts of pediatric data. Patients with other forms of obstructive lung

disease were excluded.

2.2.3.1.3 Types of outcome measures

The primary endpoints of interest were asthma-related ED visits and hospitalizations.

Studies examining repeat asthma-related ED visits and hospitalizations were excluded.
Studies examining only mortality, only other markers of morbidity. or visits to other

ambulatory care sites were excluded.

2.2.4  Scarch Methods for the Identifica

n of Studies

2.2.4.1 Electronic searches

atabases. In

D d

An explicit search strategy was undertaken of the EMBASE and PubM

addi lected references was undertaken and - relevant

jon, a bibliographic review of s

references not identified by electronic search methods were included. Table 2-1 provides

details of the data sour arch strategy. key words and limitations used. Searches were

current as of July, 2010,




Table 2-1:

reh Strategy Details

Article Key Words " Limits Articles

Database Wdentificd
)

PubMed “Marital Status [Mesh] o lumans 4

© "Employment

Mesh] o Tnglish

© “Fdueational Status"[Mesh] OR “Fducation’[Mesh] = All Adult: 194
o rSev|Mesh]

o Adolescent
+ "Fthnie Groups”[Mesh] OR "Fthnology“[Mesh] OR 1318 years
hnology "[Subbeading]

© “Income’[MeSH] or “Poverty "IMeS ] o
“Sococconomic FactorMestl]

+ “Patient Admission"[Mesh] OR “Patient
Readmission’[Mesh] OR “Hospitalization”[Mesh]

Socioccumanis Facars TMesh| OR Soctl
Class”[Mesh] OR “Heal Disparities”[Mesh]

ot wl‘ iees"[Mesh] OR "Fan

Tt Vi | OK " mergeney Mediine

ney

Mesh]

oAt IMeSH]

EMBASE - .

Adolescent m )

exp OR ‘e
OR cncrgency care

¥ health servieeexp + Adult
exp OR ‘emergency treatment/exp

hospitali Ap OR hospital readmission'/exp OR
“hospital admission'/exp .+ Paglish

“incomeiexp OR "poverty fexp

« ocial elass'exp OR ‘social status”exp OR
“socioeconomics'fexp

“racelesp OR “cthmnic differencelesp OR ‘et
roupsesp

“sexfexp OR ‘sexesp OR 'sex differencelexp

+ educationexp OR ‘educationl satusexp

+ temploymentesp OR employiment st esp

. marriagelenp
Selected Not Applicable Not Applicable ' '
Refer

" Selleted combinations o MeSI and Fintree Terms were combined using Boolean operators (o focus s




Number of aticles. Number of articles
initially und in initially found in
EMBASE
n-449 =712
T I
Rt
articles articles
n=67 n=82

Number of unique
articles foundthrough
database searching
=104

Attides found

throughreference
cking
=5

Total number of
artidles abstract ed
09

[

Total number of
articles meeting
inclusion/exc lusion
aiteria

No Yes
n=25 -84

Reasons for exdusion

Nodata on ED visits or Hospitalization (1=5)
Bxamined only special asthma patien tsub gr 0ups (n-5)

Data on only patients < age 20years (n-4)

Data on representations to hospital o1 ED only (n-4)

EDisit and Hospitalzationc ombined as a single outwme (n=3)
Notastudy (n-2)

Nodata on SES variables included in review (n=1)

Asthma ard COPD 1 eported together (n-1)

Figure 2-1: Included Studics Flow Diagram



225 Data collection and analysis

2.2.5.1 Selection of studies
A single reviewer reviewed titles and abstracts of all studies identified in electronic and

| was reviewed when

selected reference searches. Supplementary and online materi

available. The full text of articles deemed to be relevant were obtained.

2.2.5.2 Data extraction and management

A data collection form was utilized and extracted data

A single reviewer extracted data.

was stored in an electronic database (FileMaker, FileMaker Inc.. Santa Clara, California.

USA).

2.25.3 Data synthesis
A variety of methods of reporting outcome measures were utilized in the identified
studies and included, rates, relative risks. odds ratios. and simple summary statistics.
Given the disparate reporting methods, a tabular presentation of the principal findings of
the identified studies along with an accompanying narrative review was chosen to

synthesize and report the findings.



2.2.6 Results

2.2.6.1 Results of the search / Included and excluded studies
A total of 449 and 712 individual results were returned from searches of PubMED and

EMBASE respectively. A total of 104 unique articles were identified from title and

abstract review for further evaluation. Five articles were identified through reference

checking. One hundred and nine articles were evaluated for inclusion and exclusion

lour articles met inclusion criteria. A total of 25 articles were excluded.

criteria. Eighty

See figure 2-1 for a diagrammatic representation of search results and details for the

exclusion of articles.

2.2.6.2 Sex and asthma-related ED

and hospitalizations

A total of 57 articl

contained results detailing patient sex and its relationship with
asthma-related ED visits or hospitalizations (see section 7.1.1 of the appendix for full

details). Many of the included studies did not rigorously examine for statistical

associations with outcomes but rather used sex as a control factor for other analyses

though several articles did examine the direct relationship of sex on ED visits and

thma.

hospitalizations in patients with a

Nearly all included articles demonstrated a 2:1 ratio of female to male sex amongst ED

481328

visitors.

A small minority of articles demonstrated approximately equal sex ratios

clated ED visitors.>* Despite such an

or a higher proportion of males ¢




apparent sex disparity, when sex was examined as a risk factor for asthma-related ED

visits in controlled statistical analyses the results were less clear. The majority of articles

0

B s 5 023
were still suggestive of an inereased health care burden borne by females "However,

several articles demonstrated an increased risk for an asthma-related ED visits for men

3

23 . .
her than women™™", and several other articles demonstrated no sex association at

3
all

Overwhelmingly. asthma-related jons d I a similar patiern of

263557

increased female to male utilization and risk.' A small number of articles

suggested that males were at higher risk of an asthma-related hospitalization”

. A 126315800
that the male and female rates of hospitalization for asthma were similar.

2.2.6.3 Race and asthma-related ED vi

s and hospitalizations

A total of 51 articles contained results detailing patient race and its relationship with
asthma-related ED visits or hospitalizations (see section 7.1.2 of the appendix for full

details).  Similar to the results reported for

. many of the included articles did not

rigorously examine for statistical associations with outcomes but rather used race as a

control factor for other analyses. Generally though, a larger number of articles used
statistical rather than purely descriptive methods to examine the relationship between race

and asthma-related ED visits and |

2-10



The majority of studies demonstrated that visible minorities had higher rates of asthma-

related ED vis

s than the general population. This was true for African Americans and

’ S1617.202
Hispanics™'*!72"

30.62-66

Canadian and Australian Aboriginal people

New Zealand

Maori and Pacific

slanders'®

and generally for any visible minority ™%, Only two of the

included articles challenged the trend of higher asthma-related ED visits in minorities or

. . * : .
persons of non-white race."** It should be noted that both articles showed increased

aw

rates of ED visits by visible minorities that were not considered sta

stically significant in

controlled multivariate analyses.

similar fations with race as asthma-

increasing admission amongst visible minorities

P BHALMACHSOR 546603 Canadian:and
) - 0
Australian Aboriginal peoples

. " ’ 7%
. New Zealand Maori and Pacific Islanders™. and

generally

for any visible minority.”*** Notably, several articles did not show this

g 13SES0608182 L of .
relationship. T'he majority of these studies were conducted at single centers.

had small numbers of participants. or examined very specific racial/ethnic groups.

2.2.6.4 Personal income and

thma-related ED

Only 8 of the included

cles contained data on the individual or personal income levels

of participant

s (see section 7.1.3 of the appendix for full details). Four of these articles

examined the relationship between individual income level

and asthma-related 1D
visits™ " and four at asthma-related hospitalizations. ™7



TI'wo Brazilian and two American articles

examined personal income level and the risk of

an ED visit.*?" " The study by Fernandes ef al. provides only descriptive data showing
that. in a certain region of Brazil. a large number of asthma-related ED visitors carn very
little (69% had an average income less than $3000USD). The other Brazilian study by

Brandao er al. did not find any association between individual income level (referenced to

. The two studies conducted in the United

minimum wage) and asthma-related ED visi
States by Griswold er al. and Markovitz er al. both demonstrated graduated responses that

its with d ing individual income.

showing increased asth related ED vis

Of the four studies that examined the relationship of personal income level and asthma-

related hospitalization one was produced in Canada™ and three in the United States.

I'he study by Chen ef al. in Canada used the large Canadian National Population Health
Survey as its primary source of information and concluded that. in Canada. persons in the
‘middle income” bracket had more asthma-related hospitalizations than those in lower and
higher income groups. The three studies produced in the United States demonstrated that.

at least in the US, persons of lower income were more likely to be hospitalized or had had

more *financial difficulties in the year preceding hospitalization.

w2
=)



2.2.6.5 Geographic area socioeconomic status and asthma-related ED v nd

A total of 25 articles contained data detailing arca-based income or area-based measure of’

SES status and their a:

ociations with asthma-related ED visits or hospitalizations
section 7.1.4 of the appendix for full details). Only 5 of the 25 articles examined ED visits

as an outcome and 22 examined hospitalizations.

Without exception, the five articles that examined the relationship between arca-based

markers of SES or income increases in asth related ED visits

with decreasing socioeconomic status or income.'*'™ Ihe study by Kim ef al.

demonstrated that regions of lower income were more susceptible 1o changes in
acroallergens and contained persons who were more likely to have an asthma-related 1D

visit. Bourdreaux er al.. Weber et al.. and Zoratti ef al. all demonstrated that lower area-

s of income ode correlated census data, was

as estimated from zip.

1626060

with i ing asthma-related ED  visits.

Finally. Garrett er al.

demonstrated that asthma-related ED visitors were consistently from arcas of higher SES

deprivation as measured on the Elley-Irving scale."

“The majority of the 22 articles that examined the relationship between asthma-related

hospitalization and arca-based SES and income measures demonstrated inercasing

1 5.0.3740.42.45.49.50.52.53.58.01 66,6771 T8 X3-86
and income.

hospitalizations with decreasing SI

Only one article provided more than descriptive statistics and this article did not

demonst

rate a statistically significant increase in hospitalizations with increasing




based markers of SES and income. However, this article did show the same general trend

‘2

of ing risk of hospitalization with d ing SES.*

2.2.6.6 Educational atta

nment to asthma-related ED visits and hospitalizations
A total of 20 articles contained results detailing the relationship between educational

attainment and asthma-related ED visits or hospitalizations (see section 7.1.5 of the

for full details as an outcome and

appendix ). Only 9 of the 20 articles examined ED vi:

12 examined hospitalizations.

‘The majority of articles that examined educational attainment and the relationship to ED

816.17.2021.23,31.34.81

visits demonstrated an incr

chooling.

The studies by Brandao er al.. Miller e al.. Griswold er al.. and Adams ef al. all

ses in ED vis

demonstrated statistically significant incry amongst persons having a

lower educational attainment. As an example Adams ¢/ al. studied 293 persons over the

in Australia and found that ED vis

s were

age of 15 years enificantly more frequent in

those with 10 years or less of formal education (p = 0.0007). In contr:

st. the large study

by Markovitz ef al. of 2195 Americans with asthma did not show any increase in the risk

for an asthma-related ED visit between college graduates, persons with high school

certificates and those without |

2h school cert

There were a total of 12 articles that reported on the relationship between asthma-related

; ] 52631.36.38.43.46.49.6777 7857 -
and education: 2031303843040 \rirally all of these




articles found an increase in hospitalizations in persons with lower educational attainment

S313638.43.46.67.78.87

and the majority demonstrated statistical significance. Notably. there

were 3 articles that did not d any signifi iations between

L 2640,
and asthma-related 264977

2.2.6.7 Labor force acti

y to asthma-related ED v

s and hospitalizations

A total of 10 articles contained results detailing the relationship between employment

status and asthma-related ED visits or hospitalizations (sce section 7.1.6 of the appendix

for full details). Only 7 of the studies examined ED visits as an outcome and 3 examined

hospitalizations.

The majority of the articles containing data on the relationship between asthma-related

D visits and employment status presented descriptive data without comparative analysis

K17.19-21 8889 i i
171928889 1 weneral, the observation was made that the level of

with a single exception.
unemployment or joblessness was higher in the cohort of patients with asthma that visited
EDs. For example the study by Partridge ef al. demonstrated that, of adult asthma-related
ED visitors. 17.7% self-reported as being unemployed. In contrast. the population

unemployment at the time of the study averaged 8.3%." The only article with

comparative anal

is of employment status and asthma-related ED visits was by

1 that being unemployed was associated with an

Markovitz et al. This study

odds ratio of 1.57 (95% C1: 1.24-1.97) for an ED visit when compared with those who

were employed.™

P
3



The three a between  astl

icles that reported on the

hospitalizations and employment status all reported a significantly higher number of

hospitalizations amongst the unemployed. However, in two of the three articles the

measure of employment was an arca-based measure of employment (proportion of’

population unemployed in a given small geographic arca) and the remaining article

presented descriptive data only.*”

2.2.6.8 Marital status to asthma-related ED visits and hospitalizations

Only 4 articles contained results detailing the relationship between marital status and
asthma-related ED visits or hospitalizations (see section 7.1.7 of the appendix for full
details). Three of the studies examined ED visits as an outcome and 1 examined

hospitalization.

Of the three articles that included data on marital status and asthma-related ED visits. all

" s . 817,
of asthma-related ED visitors were single. I'he

showed that apy y
study by Markovitz ef al. did not demonstrate any differences in marital status between

ED visitors and non-visitors in a group of 2195 persons with asthma in the USA.™ The

and

single article that looked at the ip between asthma-related |

marital status did not find any difference between those hospitalized and those not.”’

2-16
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This comprehensive narrative review demonstrates that there are clear and strong

between

lated ED visits and hospitalizations and markers of

soci status. Specifically. the i ips between race. sex. area-based

income and personal income and asthma

-related ED visits and hospitalizations are

convincing and have been durable across multiple countries. study types. and through

time. §

milarly. there is substantial data suggesting an inverse relationship between

al attai and related ED visits

and hospitalizations. Unfortunately.
there is significantly less data available which examines the relationship of marital status

and employment status on asthma-related ED visits and hospitalizations. Further. the data

that does exis ons but stive off

is not robust enough to draw definite conclus

an important inverse relationship.

Several important observations may be made from this review. Firstly, there is a racial

and ethnic inequality in the risk for ED visits and hospitalizations amongst persons with

asthma. Interestingly though. this inequality appears sible

to apply to groups who are v

minorities rather than specific groups of genetically homogencous groups. For example.

in the US. Alaskan Nativ

and African Americans are all at increased risk for

Hispanic

asthma-related ED visits and Hospitalizations. Certainly. these groups are genetically

dissimilar though, in the US context. socioeconomically similar. This does raise the

question of whether known genetic differences between ethnicities are important in

asthma morbidity or whether socioeconomic status and the barriers to care and

environmental changes that it implies are responsible.



Secondly, sociocconomic differences were observed in many different countries. Many of

these countries purport to have universal acs health c: tems but continue to

demonstrate a socioeconomic gradient with respeet to asthma-related ED visits and

hospitalizations. Again, similar to ethnic differences, this too suggests that lower

socioeconomic s sociated with barriers o care or other environmental

atus

not casily 1 by geography or genetics.

Finally. as d 1 by this review. soci ic gradients in asth related health

resource uti jonably exist. The recognition of this permits us to both

¢ the nature and strength of these relationships further and to better charactel

ons why they

In particular, the identification of exactly how deer

socioeconomic flects an individual’s microenvironment or an individual’s

u;

bility

10 access care and benefit from asthma care needs to be studied. The challenge now o

understand how and why these relationships exist and how we can modify those factors to

improve the health of patients with asthma

TI'he current review ha veral strengths. It is currently one of the only comprehensive

attempts to evaluate the current literature covering this topic. Also. it has identified strong

and consistent trends showing an inverse relationship between decreased sociocconomic

status and increased asthma morbidity. Finally. although a narrative review. it was

conducted using rigorous inclusion/exclusion and review criteri

and represents a

comprehensive and authoritative review of the literature. The principal weakness of the



current review is the protean number of study designs. socioeconomic comparators.

socioeconomic classifi

ation systems, and inhomogencous populations that prevented
statistical pooling of results in a more formal meta-analytic format. In addition. the

utilization of a single reviewer also raises the possibility of reviewer bias in article

selection and data collection.

2.2.8 Conclu:

on

I'he systematic narrative review of the adult literature examining the association between

sociocconomic determinants of health and asthma-related emergency department visits

and | !

clearly that hite race, female sex, decreasing

arca-level income and SES measures, and decreasing personal income are associated with

increased ED visits and hospitalizations. Current data suggest that decreasing levels off

education, being unemployed or being single are also associated with an inereased risk of

ED vi

its and italizati though the re not as strong.
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3 Socioeconomic Status of Adult Patients with Asthma

: An

Utilizing the Emergency Departments in Ontari

Analysis of Differences from the General Population

3.1 Manuscript II: Abstract

onale

Literature from the United States shows that socioeconomic status (SES) influences
asthma-related resource utilization and asthma severity.  Canadian literature examining
this topic has generally been limited to small studies of individuals or larger ccologic
studies. Enhanced understanding of the relationship between SES and asthma-related
resource utilization in Canada could lead to improved allocation of treatment and

educational resources. The purpose of this study is to identify differences in markers of

SES between the geographically matehed general population and adults with asthma who

visit the emergency department (ED) in Ontario, Canada.

3-26



3.1.2 Methods
Using data from the Ontario Asthma Regional Variation Study (from March 1. 2001 -

February 28, 2002: Lougheed ef al.. 2009) and ¢

atistics Canada 2001 Census Data (20%

sample, weighted), the following SES cha are described: ay houschold

income. single parent houscholds. education. and employment status. Comparisons
between groups were made using Chi-Square and Mantel-Haenszel tests controlling for

geographic arca.

3.1.3  Results

A total of 1018 individual patients were studied. Compared with the geographically

matched general population, adult patients with asthma visiting the ED were more

frequently female (66.2% vs. 33.8%, p<0.001), were younger (53.3% vs. 40% 20-40yrs,

33.6 vs. 38.0% 40-60yrs. 13.1 vs. 21.9% >60yrs, p<0.001). had lower incomes (34.7%

vs. 16.3% <8

)00 - $49.000. and 26.6% vs. 60.3%

1000, 38.7% vs. 23.4% §.

$50,000, p<0.001), were more frequently single (2

65.0% married. p<0.001). were more frequently unemployed (1

unemployed, 67.4% vs. 63.9% employed. p<0.001, 17.2% vs. 31.8% not in labor force)

and were less educated (20.0 vs. 26.4% without high school. 24.6% vs. 14.7% high

school only. 39.2% vs. 33.3% some or completed trade or college, 16.2% vs. 25.6% some

or completed university degrees



3.1.4  Concl

on

There is a statis

cally significant and clinically important difference in the SES of adult
patients with asthma who visit the ED in Ontario. Canada and the general population in

which they reside.

3.2 Manuscript 1I: Body

3.2.1 Introduction
Eight percent of Canadian adults have asthma.' Many factors influence the development

and severity of asthma. Socioeconomic status (SES) is of notable importance.” The most

extensively studied SES determinants associated with asthma morbidity include: marital
status. sex. race. houschold income. education, employment status. and sociocconomic
status of the region in which an individual lives.™* Much of the literature examining this
question has been produced in the United States of America, where. unlike Canada, there

is no universal health care system. Hence. the impact of sociocconomic status on asthma

morbidity and mortality in Canada is unknown.

The Ontario Asthma Regional Variation Study (OARVS) investigated the regional

variation in asthma morbidity scen in the province of Ontario, Canada.” Information about

[actors contributing to observed regional variation in asthma practice patterns, emergency

room visits. and hospitalizations was collected. Excluding race, participant level data on

the above listed ¢ determinants are available in the OARVS study database.



level data from the OARVS database

Combining region-sy

with region-specific population-level long-form Statistics Canada Census data affords an
excellent opportunity to examine the relationship between these SES determinants of

adult patients with asthma who utilize the health care system in Ontario. Canada

In the present study. we hypothesize that patients with asthma who visit the Emergency

Department (ED) are different from the general population and consist of an increased

proportion of persons with lower SES than the general population. The purpose of the
current study is to determine if adult patients with asthma who visit the ED from a given

small geographic arca in Ontario, Canada have different and lower SES than the general

hold income.

population with respect to the following SES determinants:

marital status, level of educational attainment. and employment status.

3.2.2 Materials and Methods

The OARVS study was conducted using a stratified sample of 16 Ontario hospitals from

March 1, 2001 to February 28, 2002. The details of sampling and data acquisition have

been reported previously.”"” The study sample consisted of OARVS data from adult (age

> 20 years) ED visitors with fully from the sut ple of

Forward Sortation Areas (FSA) for which the OARVS study had >50% market share of

ED visil em Database

ts based on data from the National Ambulatory Care Reporting

2002-2003 (NACRS). The NACRS database is a reporting system and database ol

Canadian ambulatory care utilization, including ED usage, maintained by the Canadian



Institute for Heath Information. The NACRS database was assumed to have 100%

capture of asthma-relat visits. Asthma-relat

s were ED visits that were coded
to include the following International Classification of Discases, 10" Revision codes:
145.0.145.00, 145.01, J45.1, J45.10, J45.11, J45.8, J45.80. J45.81, J45.9. 145.90. J44. and

J44.8. The subset of FSA's with a market share =5

% was chosen to maximize the

accuracy and representativeness of the OARVS sample. NACRS market share was

¢

imated using an analytical tool that has been previously described (Inform.Rx AdapC's

Canada, Kingston, Ontario, Canada.)'" Generally though, market share represents the

of

D visits to participating study centers from a given FSA.

Data on the following variables were collected:

SA. age (20-39 years. 40-59 years, =60

years). sex (male, female). median houschold income category (<$25.000. $25.000-
$49.999, =$50.000), level of educational attainment category (less than high school.
some or completed university or college. some or completed trade). marital status
category (single never married. single previously married. married). employment status

category (employed. unemployed).

Data were cross-tabulated and stratified by all variables except marital status and
employment status. There were a number of non-unique responses (5 in total) to questions

regarding marital status and employment status in the OARVS dataset. Non-unique

values resulted in removal of these subjects from the analysis. rata-specific ED

“s with

visit counts were obtained separately for the OARVS samples consisting of I

>50% market share of ED visits and for FSA™s with < 50% market share of ED visits. The

by



OARVS samples were then compared directly using Chi-Squares to ensure that there

s with

were no clinically or statistically significant differences between patients in FS/

*50% market share of ED visits and those with <50% market share of ED visits.

Corresponding general population data for the selected FSAs were obtained from the

Statistics Canada 2001 Long Form Census (weighted 20% sample) and were cross-

tabulated and stratified in a similar way. The OARVS sample of FSAs with =50%
market share of ED visits and the Statistics Canada Census data were then compared

direetly by Chi-Squares and subsequently by Mantel-Hanzel tests for general association

controlling for geographic arca (FSA). A sensitivity analysis was undertaken accounting
for sample weighting and the complex survey design of Statistics Canada Long Form

statistical software

Census Data. All statistical analyses were conducted using the SAS

SAS Institute:

package (SAS. Version 9.. ary. NC. USA). All tests were two-sided. and

ap value of < 0.05 was considered o be statistically sig

3.2.3  Results

3.2.3.1 Patient Selection

In FSA's with market shares >50% a total of 1018 first-time adult ED visitors with

asthma with fully i ires for all cross-tabulated variables were

identified and subsequently evaluated in this study. This is detailed in figure 3-1. Because

non-unique values resulted in removal of subjects from the analysis the total number of

ts in the OARVS sample FSA's with >50% market share of ED visits for marital




us and employment status is 1013. A total of 589 subjects were identified in IS

with < 50% market share of ED visit and were excluded from the analysis. A map of

included FSA's is shown in figure 3-2 (Microsoft MapPoint . Version 10.0: Microsoft

Corporation; Redmond. CA. USA). This map shows that the majority of the sampled

OARVS patients live in-and-around major urban centers.

—

Figure 3-1: Patient Scleetion Flow Diagram
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3.2.3.1.1 Comparison of FSA’s with 250% market share of ED visits and those with

< 50% market share of ED

Table 3-1 shows the results of the comparison of I

A’s with >50% market share of ED

visits and those with <5(

%o market share of ED visits

While the Chi-Square a
shows that there are statistically significant differences between the groups for the income

category and educational attainment category the absolute differences are small. Heney

the two groups are appropriately considered to have similar characteristics.



3.2.3.1.2 Comparison of FSA’s with >250% market share of ED visits and S
Canada General Population Data

Table 3-2 shows the results of the comparison of OARVS FSA"s with >50% market share

iables examined

of ED visits and Statistics Canada General Population Data. For all va

there are statistically significant differences that persist when controlling for small

geographic arca.

3232 Age

showed that adult asthma ED visitors tended to be younger than the general

This analysi

s in contrast

population with 87% of adult ED visitors between the ages of 20 and 60 yea

10 78% of the general population.

3.2.3.3 Sex
Almost twice as many adult females as males with asthma visit the emergency
department whereas the ratio of males to females in the general population is closer to

one-to-one.
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Table 3-2: Comparison of FSA's with > 50% market share of ED vi
Canada Census Data

SES Determ

s and Statistics

« OARVS  Percent  Statisties  Pereent 7 pval
’ MILZ pyalue

o) *0) o o)
Ae (Years) e
104400001
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3.2.3.4 Income Cates

There are a strikingly high proportion of adult ED visitors from low-income str

1S

compared 1o the general population. Fully 73.4% of ED visitors with asthma made less

than $50.000 compared with 39.7% of the general population.
T & pop!

3.2.3.5 Educational Attainment

ED visitors were more likely to have graduated high school. had similar proportions
having completed a trade or college certificate, but were almost half as likely to have

obtained a university degree than the general population.

3.2.3.6  Employment Status
The number of employed persons in cach group is similar. A slightly higher proportion
of asthma-related ED visitors were employed.  However, almost three times as many
asthma-related  ED  visitors reported  being  unemployed compared to the  general
population. The number of persons identified as not-in-the-labor-force was approximately

twice as high in the general population.

3.2.3.7 Marital Status
“The number of single persons in the general population was less than amongst ED visitors
and, correspondingly. there were a higher number of persons identified as being married

in the general population.



3.2.4  Discussion

of

This study demonstrates clear and marked differences in the SE ult patients with
asthma who utilize the emergency department in Ontario. Canada compared to the

geographically matched general population with whom they reside. Amongst ED visitors,

differences in age, sex. income, and educational attainment categories were both

ibution

clinically and statistically discrepant from that of the general population. The di

of marital status and employment status, while still different between ED visitors and the

general population, is less strikingly di

ional markers of socioeconomic status identifi

Traditionally, composite or derived re;

by Postal/ZIP code or census block are utilized to infer the socioeconomic status of

of this kind. This is primarily because individual level data is often

expensive and difficult to obtain.*'*"* This leads to confounding (ecological bias) in

which ecological associations, or lack thereof, fail to predict or represent individual level
associations. The present study utilizes an analysis of the individual characteristics of ED
visitors compared to a geographically matched reference population. Utilization ol

individual level data in an analysis of this type effectively reduces or nullifies the effect

of ecologic bias and is one of the major strengths of this study.

The findings of this study are consistent with previous studies conducted in other

Jjurisdictions that demonstrate that younger age. female sex. lower educational attainment,




unemployment, and poverty are all associated with increased ED visits and

1318

hos However, there

pitalizations agreement about this association in the
Canadian literature. For example. in an ecological study by Chen ¢f al. there was no
association between the proportion of a census enumeration area who were university

eraduates and readmission for asthma.’ In the same study. average personal income of a

small geographic region was not d with asthma when ace 0

. Weber e al. also

for covariates iled to identify a relationship between

markers of income and cither ED visits or hospitalizations.” In contrast, Bacon showed

that eds | attai was associated with higher ED visits and hospitalizations in

. 19 . . . .
Canada.” Also, Erzen ef al. showed that children and older adults in “lower-income
quintiles” were more likely to be hospitalized for asthma.” However. to date. the current
study is one of the largest Canadian studies to examine the relationship between markers

of Sk

wnd ED visits. With data from over 1000 patients it provides convincing evidence
that Canadians from lower income and SES strata place a disproportionate burden on ED

utilization for asthms

I'here are several potential reasons why such a difference exists in a country that

purportedly universal health care.

Firstly. universal access to healtheare does not
exist. Economic barriers are ubiquitous in the current system and include difficulties
obtaining transportation, inability to forgo the cconomic benefits of employment for
healtheare, and the inability of the “working poor™ to afford prescription controller
medications. comprehensive drug plans. and appropriate environmental modifications.”’

S : . o i
Secondly. there are educational barriers to effective asthma care.” Poor and uneducated



persons may have little education or knowledge of asthma’s control and management and

may not poss

knowledge of how 1o ac

such resources. It has been definitively

shown that asthma management education improves

asthma related health outcome

Finally, poorer and impoverished persons often five in a microenvironment that is not

conducive to asthma control

The current study

several strengths. In particular, the utilization of a large sample of

individual level data seemed to minimize ecological bias in the ana

In addition. the

consistency with previous observations of a

thma epidemiology. the use of well-validated
data sources, and the magnitude of the observed differences also support the findings of

the current study.

I'here are a number of limitations to the current study. Fi

tly. data from the OARV

NACRS. and Statistics Canada Cel

is data are not entirely contemporancous and this

may have introduced errors in the c:

timation of reference populations and market shares.

Secondly. the Statistics

Canada Long Form Census is a complex survey design and the

provided dataset represents a weighted 20% sample of the total population. While

sensitivity analysis accounting for the weighting of this data was undertaken, the true

weights and variance of the population sample are not known. Finally, only FSA's with
50% market share were chosen for inclusion in this study. For this reason. and because

the majority of study centers were urban hospi

als. persons in rural arcas

may be

underrepresented and the results skewed to reflect this. Finally, the sample of ED visitors

chosen did not include patients that were seen in walk-in clinics, urgent care clinics not



or those who declined to

al s

sed in a hosp tting. patients with incomplete data,
participate in the study. These patients may be fundamentally different from those

included in the analysi

ind this may give rise to participation bias.

3.2.5 Concl

on
There is a statistically important difference in the socioeconomic characteristics of adult

patients with asthma who visit the ED in Ontario. Canada. Further. these differences

highlight specific groups of people who may be more susceptible to asthma morbidity and

such as asthma education. preseription

mortality and for whom targeted interventions

subsidies. and environmental modification subsidies may decrease the overall

drug

human and absolute cost of asthma

3.2.6 References

1 The Daily. Friday. June 26, 2009. Canadian Community Health Survey

2 Amre DK. Infante-Rivard C. Gautrin D, et al. Socioeconomic status and utilization of health care services

of the Association for the Care of

among asthmatic children. The Journal of asthma : offici:

Asthma 2002: 39:625-63 1

3 Babey SH. Hastert TA, Meng YY. et al. Low-income Californians bear unequal burden of asthma. Policy

brief (UCLA Center for Health Policy Research) 2007: (PB2007-1):1-7

4 Chen Y, Stewart P, Dales R, et | measures of status and hospital

Ecologica

for asthma among Canadian adults. Respiratory medicine 2004 98:446-453
5 Erickson SE, Iribarren C, Tolstykh 1V, et al. Effect of race on asthma management and outcomes in a

e 2007: 167:1846-1852

se. integrated managed care organization. Archives of Internal Medi
6 Erzen D, Carriere KC. Dik N, et al. Income level and asthma prevalence and care patterns. American

1060-1065

I care medicine 1997 15

journal of respiratory and ¢

7 Hanania NA. David-Wang A. Kesten S. et al. Factors associated with emergency department dependence

of patients with asthma. Chest 1997: 111:290-295

3-16



ed with

8 Weber EJ. Silverman RA, Callaham ML, et al. A prospective multicenter study of factors assoc
hospital admission among adults with acute asthma. The American Journal of Medicine 2002:

113:371-378

9 Lougheed MD, Garvey N, Chapman KR. et al. The Ontario Asthma Regional V

12006: 129:909-917

ation Study: emergency

department visit rates and the refation to hospitalization rates. Ches

10 Lougheed MD,

vey N. Chapman KR. et al. Emergency Department Visit Rates for Asthma in

Ontario: Correlates of Regional Variation

11 Goel V. Institute for Clinical Evaluative Sciences in O, Canadian Medical A. Patterns of health care in

¢ atlas. Ottawa, Canada: Canadian Medical Association for the Institute for

Ontario  the ICES prac

Clinical Evaluative Sciences in Ontario, 1996;

12 Claudio L. Tulton L. Doucette J, et al. S factors and asthma hospital rates in New

York City. The Journal of asthma : official journal of the Association for the Care of Asthma 1999:

36:343-350
13 Ray NE. Thamer M, Fadillioghi B. et al. Race. income, urbanicity, and asthma hospitalization in
Calif

ia: a small arca analysis. Chest 1998; 113:1277-1284

14 Baibergenova A, Thabane L, Akhtar-Danesh N, et al. Sex differences in hospital admissions from

emergency departments in asthmatic adults: a population-based study. Annals of Alleray. Asthina &

Immunology : Official Publication of the Americay

College of Allergy. Asthma. & Immunology
2006 96:666-672

15 Baibergenova A, Thabane L. Akhtar-Danesh N, et al. Effect of gender,

. and severity of asthma

attack on patterns of emergency department visits due 10 asth

na by month and day of the week

European journal of epidemiology 2005: 20:947-956

16 Griswold SK., Nordstrom CR, Clark S, et al. Asthma exacerbations in North American adults: who are

the "frequent fliers” in the emergency department? Chest 2005: 127:1579-1586

17 Markovitz BP, Andresen EM. Lack of insurance coverage and urgent care use for asthma: a
retrospective cohort study. BMC public health 2006: 6:14

18 Singh AK. Cydulka RK, Stahmer

SA. et al. Sex differences among adults presenting to the emergency

department with acute asthma. Multicenter Asthma Research Collaboration Investigators. Archives

of Internal Medicine 1999; 159:1237-1243

19 Bacon SL, Bouchard A, Loucks EB, et

Individual-level socioeconomic status is associated with

worse asthma morbidity in patients with asthma. Respiratory rescarch 2000; 10:12:

ess A ook a

wkins T. Arduous ac

th care crisis i Quebee, Canada: McGill

the primary he;

2009

- Department of Sociology

21 Wolf FM, Guevara JP. Grum CM. et al. Educational interventions for asthma

0 children. Cochrane

database of sy:

ematic reviews (Onl

©) 2003; (1):CD000326



22 Gibson PG, Powell H, Coughlan J, et al. Self-management education and regular practitioner review for
adults with asthma. Cochrane database of systematic reviews (Online) 2003: (1):CDO001117

23 Babin SM. Burkom HS. Holtry RS, et al. Pediatric patient asthma-related emergency department visits

and admissi

ns in Washington, DC. from 2001-2004, and associations with air quality. socio-
economic status and age group. Environmental health : a global access science source 2007: 6:9

24 Cakmak

les RE, Judek S, et al. Does socio-demographic status influence the effect of pollens and

adi es. Annals

molds on hospitalization for asthma? Results from a time-series study in 10 Ca

of Epidemiology 2005: 15:214-218

25 Forbes L. Harvey S. Newson R. et al. Risk factors for accident and emergency (A&E) atiendance for

asthma i -860

ner city children. Thorax 2007; 62:8;
26 Pines IM. Buford K. Predictors of frequent emergency department utilization in Southeastern
¢ of Asthma

Pennsylvania. The Journal of asthma : official journal of the Association for the €

2006; 43:219-223



4 Socioeconomic deprivation and emergency department use

in Ontario, Canada: A poisson regression anal

4.1 Manuscript I1I: Abstract

acerbations account for 1% of all ambulatory care visits in the United States

and almost half a million annually.' sioeconomic factors are one of

the most consistently associated factors with asthma-related morbidity and resource

utilization.™ The purpose of the current study is to determine if asthma-related ED visits

are associated with the socioeconomic status of adult patients with asthma who visit the

ED in Ontario, Canada.

4.1.2 Methods

Using data from the Ontario Asthma Regional Variation Study (OARVS). the 2001
Statistics Canada Population Census Long Form Census of the Population. and the
National Ambulatory Care Reporting System. socioeconomic stratum-specilic univariate
and multivariate Poisson regression analyses of age category. sex. median houschold
income category. and level of educational attainment category on emergency department

visit counts were conducted.



4.1.3  Results

ated to an

demonstrated that age and sex were

Univariate poisson regression analysis
increased risk for ED visits: age (20-39 years [RR: 2.26, p<.0001 ], 40-59 years [RR: 1.49,

p-0.0084]. 60 years and over [RR: 1.00. p=Reference]) and sex (Female [RR: 1.82,

p<0001], Male [RR: 1.00, p=Ref D). Age- and sex-adjusted poisson

anal. demonstrated that low houschold income and lowest level of educational

attainment were related to an increased risk of ED visits: houschold income (persons in
households with household income $50.000 and over [RR: 1.00, p-Reference]. persons in

000 10 49,999 [RR: 4.13, p=<0.0001]. persons in

houscholds with household income §

houscholds with houschold income <= $24.999 [RR: 5.38, p=<0.0001]). highest level of

Jucational attai (some or completed university certificates or degrees [RR: 1.00,

p-Reference]. without high school graduation certificate [RR: 1.51, p=0.0078]. some or

cate only

completed trade or college [RR: 1.91. p=<0.0001]. high school graduation certi

[RR: 2.74 . p=<0.0001]). Similar findings were demonstrated in a multivariate poisson

gression analysis.

re

4.1.4  Conclusion

This study demonstrated strong and graduated increases in the risk of an cmerg

I { markers of socioeconomie status. Additionally. these

visit with
differences highlight specific groups of people who may be more susceptible to asthma

sthma education.

morbidity and mortality and for whom targeted interventions such



prescription drug subsidics, and environmental modification subsidics

may decrease the

overall human and absolute cost of asthma.

4.2 Manuscript I1I: Body

4.2.1 Introduction

Asthma exz

cerbations account for 1% of all ambulatory visits in the United States."  In
addition, asthma exacerbations account for almost half a million hospitalizations annually

in the USA." Mortality from asthma continues to remain unacceptably high with as many

' The World

15-20 per 1,000,000 asthma-related deaths cach year in the United State:

Health Organization has estimated that 15 million disability-adjusted life years (DALY's)

are lost annually due to asthma which represents 1% of the total global disease burden.'

Multiple studies have sought to identify risk factors for emergency department visits for
asthma including genetic factors relating to atopy and bronchial hyperresponsivensess.

environmental factors such as occupation. allergen exposure, tobacco smoke and

exposure to air pollution, and socioeconomic status (SES)."" Sociocconomic  status

remains one of the most 1 factors with asthma-related ED visits.

markers

Specifically. the SES X. age. race, personal income, geographic location,

educational attainment and marital status have been variously identified.

Canada has a universal socialized health care system in which socioeconomic variation in

should theoreti

care and morbidity patterns lly be minimized. However, despite such a




health care system, disparities do exist.”™"* In the current study. it is hypothesized that

and have a higher risk for

persons with asthma-related ED visitors are of lower SES
asthma-related morbidity and tend to visit the emergency department more frequently
than people with higher SES. Hence. the purpose of the current study is to determine il

the socioeconomic status of adult patients with asthma who visit the ED in Ontario,

Canada is related to ED visit rates or the risk of an emergency department visit.

4.2.2  Materials and methods

4.2.2.1 Data Sourc

The Ontario Asthma Regional Variation Study (OARVS) study was conducted in a

stratified sample of 16 Ontario Hospitals during the year comprising March 1. 2001 to

February 28, 2002. The details of sampling and data acquisition have been reported

previously."™' The study sample consisted of OARVS data from individual adult (age

from the of Forward

20 years) ED visitors with fully

Sortation Arcas (FSA) for which the OARVS study had >50% market share of ED visits

based on data from the National Ambulatory Care Reporting System Database (NACRS)

2002-2003. The NACRS database is a reporting system and database of Canadian

ambulatory care utilization, including ED usage. maintained by the Canadian Institute for
Heath Information. The NACRS database was assumed to have 100% capture of asthma-
related ED visits. Asthma-related visits were ED visits that were coded to include the
10" Revision codes: 145.0. 145.00.

following International Classification of Di




J45.01, J45.1. 145,10, J45.11, J45

. 145.80. J45.81. 145.9. J45.90. J44. and J44.8. The

subset of FSA™s with a market share >50% was chosen to maximize the accuracy and

representativeness of the OARVS sample. NACRS market share was estimated using an

analytical tool that has been previously described (Inform.Rx AdapCS Canada, Kingston.

Ontario, Canada.)'” Generally though. market share represents the proportion of D visits

to participating study centers from a given forward sortation area (FSA).

Data on the following variables were utilized: FSA, age (20-39 years, 40-59 years. =60

years). sex (male, female), median houschold income category (<3,
$49.999, >$50.000). and level of educational attainment category (less than high school.
high school graduation certificate. some or completed university or college. some or

completed trade). All variables were cross-tabulated and sociocconomic status strata-

speci emergency department visit counts were obtained for the OARVS sample

consisting of FSAs with >50% market share of ED Vis

Corresponding general population data for the selected FSAs were obtained from the

Statistics Canada 2001 Long Form Census (weighted 20% sample) and were cross-
tabulated in a similar way to provide an estimate of the population at risk in a given

stratum. In addition, the total number of emergency departments visits for asthma for an

FSA was obtained from the NACRS database. The ratio of the number of OARVS

participants in FSA's with greater than 50% market share with fully completed

questionnaires to the total number of visits identified in an FSA in the NACRS databasce

was used to weight the population at risk from a given socioeconomic stratum.



sing socioeconomic  stratum-spec sit counts and weighted at-risk - population

estimates

univariate poissson regression analyses of age. gender, median houschold

income, level of educational attainment cate,

rory on emergency department visit counts

were conducted.  Next. a multivariate poisson re

sion analysis of the same variables

on emergency department visit rates was conducted. Poisson regression was used as the

outcome data consisted of ED visit counts in which an ED visit was a rarc occurrence

relative to the population at risk and the data followed a Poisson distribution. For the

poisson regression, cach included FSA by SES strata represented an observation where
the dependent variable was the strata specific ED visit count from the OARVS sample.

The corresponding offset was the natural log of the strata specific census population

prorated by the proportion of NACRS emergency department visits captured in the

OARVS

ample. All poisson regression scale parameters were adjusted for sample
overdispersion using the Pearson scaling option of SAS’s proc genmod function. For

univariate and multivariate models. socioeconomic variable categor

-specific visit rates
were caleulated by the least squared means method. For all models. likelihood ratio

All

statistics for a type 1 analysis were used to assess the significance of model effect

statistical analy were conducted using the SAS statis

ical software package (SAS,
Version 9.2: SAS Institute: Cary, NC, USA). Al tests were two-sided. and a p-value of -

0.05 was considered to be statist

cally significant.



4.2.3  Results

4.2.3.1 Patient selection

In FSA's with market shares >50% a total of 1018 first-time adult ED visitors with

asthma with fully completed questionnaires were identified and subsequently evaluated in

this study (sce Figure 3-1). A total of 589 subjects were identified in FSA's with < 50%

marke

are of ED visit and were excluded from the analysis. A map of included FSA's

is shown in figure 3-2 (Microsoft MapPoint, Version 10.0; Microsoft Corporation:
Redmond, CA, USA). This map shows that the majority of the sampled OARVS patients

live in-and-around major urban centers.

4232 Un

te Analyses

Each univariate poisson regression model was tested for significance of model effects and

was statistically

significant with p<0.0001. Table 4-1 shows the relative risk of an asthma

ED visit for cach level of the variables investigated. In keeping with studies from other

jurisdictions, younger age, female gender, and lower houschold income show clear

01822

statistically and clinically important increases in the risk of an emergency room visit

Femal

es and the youngest age category (age 20-39 years) had approximately twice the

risk of males and the oldest age category (>=60 years) respectively. Persons in the lowest
median houschold income category (<= $24.999) had a five-fold increase in the risk of an

ED visit when compared to the highest income category (>=




The “some or completed university degrees” category had a slightly lower relative risk of

an ED vi ate’

it than “without high school graduation certifi which was statistically

significant. In addition. while education generally followed a trend of incre

disadvantage having a higher risk of ED visits

the “without high school

certificate’ category was an exception.

Table 4-1: Rel

tive risk of emergency department visits - Univariate

Variable « Relative  95% Confidence
risk limits
Lower C1L Upper €1
Age 20-39 years 226 (&l 300 o001
10-59 years 149 L 200 ooos
60 years and over 100 100 100 Reference
Gender v 182 (R o001
Male 100 0100 Reference
Income * Persons in houscholds with household income S8 136 66t 0001
$24.999
i with houschold income 4,13 W see 0001
$25.000 10 49.999
o5 in houscholds with houschold income 1,00 0100 Reference
$50.000 and over
Educational attainment *  1igh school graduation certificate 27 200 ol 0001
Some or completed trade or college 19 147 248 0001
Without high sehool graduation certificate 151 o208 00078
Some or completed university certificates or degrees 100 00100 Reference

Income and Fducation
Forall analyses n- 1018

attai nd se

justed

Table 4-2 shows the estimated rate of an asthma ED visit for cach level of the variables

1 using univariate poisson ion. The highest observed rate was in the



lowest income category with a rate of 13.43 visits per 1000 pe The age.

ons per year.

gender. and education category results show similar trends with increasing SES

disadvantage. Again, the “without high school graduation certificate” category is an

exception to the general trend.

Table 4-2: Rate of emergency department v - Univariate

Variable Category Visit Rate per 1000 patient per

Lower  Upy
a «

Ane 2039 years 997 881 0w
10-59 years 650 sel 767
60 years and over 440 a2 sen
Gender 950 8511000
Male 523 o e
Income* Persons in households with household income 1343 [IENEEN
21999
Persons in households with household income $25.000 1030 (TR
19,999
Persons in households with household income $50.000 24 200 20
Faucational High school o certificate 1003 82 12
attainment*
Some or completed trade or college 698 s 820
Without high school graduation certificate 553 1568
Some o completed university certificates or degrees 360 280 dol

Income and ducational ent are age and sex adjusted
al

esn 1018,

Multivariate Analy

T'he multivariate regression model was tested for significance and all model effeets were

found to be significant with p<0.0001. The multivariate model showed similar



relationships as the univariate analysis. The results of the multivariate analysis are found

in table 4-3 (relative risks) and table 4-4 (rate estimates). It is worth noting the increase in

the relative risk of an emergency visit for each of the youngest age category. females. and
the lowest income category when other covariates are included in the model. As with the

univariate poisson analysis the “without high school graduation certificate” remains the

only exception 1o the trend of increasing asthma related ED visits with increasing SIS

dis

dvantage and was the only statistically ins

ant relationship observed.

Table 4-3: Relative risk of emergency department visits - Multivariate

Variable Category Relative Risk ~ 95% ¢ ce limits
Lower (L UpperC1
Ane 2039 years 288 226 367 o0t
10-59 years 210 Lot 270 o0t
o0 years and over 100 100 Lo
Gender Lo 143 197 o0t
100 oo Lo Reference
tncome Persons in houscholds with houschold s 453 o o0t
income <~ $24.999
Persons inhouscholds. with. houschold 106 336 191 oot
income $25.000 10 49,99
Persons inhouscholds with household oo 100 100
ncome $50.000 and over
High school graduation certificate 230 181 204 oo
Some or completed trade or college 16 B 207 0ol
Without high  school  graduation o4 080 135 013
certificate
Some or completed university certificates Lo Lo Lo Reference

For all analyses w1018

4-10



its - Multivariate

able 4-4: Rate of emergency department vi

Variable Rate Confidence Limits
Lower €1 Upper (1
Ane 2039 vears e 909 1247
0-59 years 1 712 90
60 years and over 387 ot I
Female 015 82 1018
Male sas 173 028
Income Persons in houscholds with houschold income 251 213 201
$50,000 and over
Persons in households with household income 1017 880 ot
$25.000 10.49.999
Persons in households with houschold. income (I oo 1502
2490
High school graduation certificate ns 979 1350
Some or completed trade or college 830 723 052
Without high school graduation certificate 19 437 ol
Some or completed university certificates or so1 109 o
egrees

For all analyses w1018,

4.2.4  Discus:

The principal finding of this study was a well-defined gradient of increasing risk of an ED

nts with

reioeconomic disadvantage in a Canadian cohort of pati

visit with increasing s

asthma. This study is. to our knowledge. the largest study of an adult Canadian cohort to

ca-level socioeconomic position on the

assess the relationship of individual versus ai

related ED visits. Further, the direction and magnitude of the

frequency of asthm



findings are somewhat surprising in the context of a socialized healthcare system that

access and av

purports to have univers lability. This study corroborates the presence off
a link between socioeconomic position and asthma morbidity found in previous studies

61822

dictior

conducted in other jur

The observed relationship between socioeconomic status and ED visits for asthma may

y dis

dvantaged persons,

have several
even in a socialized health system. may continue to suffer from barriers to access of care
including monetary (lack of prescription drug coverage. lack of a regular primary care

provider. inability to pay for transportation. inability to defer benefits of work for medical

care). physical (rural patients need to travel farther. poor access to/utilization ol specia

providers). and informational (reduced general literacy, reduced health literacy. poor

19.202322

)

aceess to disease specific education regarding chronic discas

Secondly, the soci ically dis ged are exposed to microenvi that

are often not conducive to good asthma care. Specifically. persons of low sociocconomic
status more frequently reside in arcas exposed to high pollen counts, have increased

fed as children, and are more

exposure to houschold smoking, were less frequently bre

632

likely to be obese.”

Lastly, the soci i i are freq y from minority populati A

significant body of literature has confirmed the link between non-white race and




increasing morbidity from asthma.™***” Unfortunately. this relationship could not be

controlled in this analysis as no data on race were collected.

The findings of this study are notable in their consistency regarding gradients of risk with
increasing social adversity. The finding that people with the highest and lowest
it rates w

educational attainment have similar ED vis unexpected. However, the lowest

risk of an ED visit was in those with a university education compared to other groups.

a protective effect of a university education compared 1o other types ol

post-s y jon. This is consistent with the general trend of decreasing

morbidity with i i ic status. The sk of an

thma-related ED vis

it amongst those with the highest and lowest educational attainment

is not elear. However, in Canada. preseription drugs are provided for persons greater than

age 65 via a government funded prescription drug benefit program. Fducational
attainment *less than high school” is more frequent in older age groups. The simultancous
oceurrence of older age and provision of prescription drugs may have rendered this age

group more immune to certain economic barriers to adequate . Alternatively. it may

have been a result of the limitations of the current study’s design particularly with respect

to recruiting largely urban versus rural participants and the modifying effect this might

have on the influence of socioeconomic factors on access to care. In addition, as with all

survey designs, the effect of voluntary

sponse or social desirability may play a

factor in this observation.




The present study has several

. The utilization of a large amount of individual

level data and the subseq inimization of ccological bias in the analys

s affords a

high level of confiden

in the quality of the data. In addition. the consistency with
previous observations of asthma epidemiology. the use of well-validated data sources.
and the magnitude of the observed differences also support the soundness of the findings

of the current study.

I'he principle weaknesses of the current study arise from the fact that data from the
OARVS. NACRS, and Statistics Canada Census data are not entirely contemporancous
and this may have introduced errors in the estimation of reference populations and market

shares. In addition. the Statisti

Canada Long Form Census is a complex survey design
and the provided dataset represents a weighted 20% sample of the total population. No
attempt was made to account for the complex weighting of the census data in the present
analysis. It should be noted that only FSA's with > 50% market share were chosen for

inclusion in this study. For this

reason. and because the majority of study centers were
urban hospitals. persons in rural areas may be underrepresented and the results skewed to
reflect this. Finally, this study compares asthma-related ED visitors with the general

population. This comparison does provide give any information regarding the I

status

of asthma-related ED visitors I to the lation of astk ics who do not use

the emergency room or the S

status of asthma-related ED visitors compared to 1D

visitors in general. This potentially limits the strength of the findings that asthma-related

ED visitors generally have lower SES status.



4.2.5  Conclusion

ferences

atistically and clinically important di in the sociocconomic characteristics of

adult patients with asthma who visit the ED in Ontario, Canada exi:

despite the presence

of a “universal” health care delive stem. Spe

ifically. this study demonstrated strong

and graduated increases

in the risk of an emergency department visit with increasing

markers of sociocconomic deprivation. Further, these differences highlight specific

groups of people who may be more susceptible to asthma morbidity and mortality and for
whom targeted interventions such as asthma education, prescription drug subsidies. and

environmental modification subsidies may decre:

se the overall human and absolute cost

sthma.
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5 Summary and Conclusion

5.1 Introduction
This thesis presented a hypothesis for which three primary rescarch objectives were

derived. These objectives were

Id d lly in the three manuscripts of this

thesis

Following

« discussion uniting cach manuscript and relating the information

gleaned from cach individually and as a whole to the underlying hypothe:

1. There is a general trend of increasing asthma-related morbidity with increas

socioeconomic disadvantage.

2. Canadians with asthma who visit the ED consist of an increased proportion of
socioeconomically disadvantaged persons than the general population.
3. Canadians with lower SES have a higher risk of asthma-related morbidity and

tend to visit the ED more frequently than those with higher SES.

5.2 Review of literature
T'his comprehensive narrative literature review identified clear and strong relationships

between asthma-related ED visits and hospitalizations and markers of sociocconomic

status. The relationships between race, gender, arca-based income and personal income

and asthma-related ED visits and hospitalizations are convineing and have been durable




across multiple countries, study types. and through time. Similarly, there was substantial

data ing an inverse ionship between i i and asthma-

related ED visits and hospitalizations. Significantly less data is available examining the

thma-related ED visits and

relationship of marital status and employment status on

hospitalizations. Further. the data that does exist were not robust enough to draw definite

conclusions but were also suggestive of an important inverse relationship.

Canada has a universal socialized healthcare system in which sociocconomic variation in

care and morbidity patterns should theoretically be minimized. However. despite such a

universal healthcare system, disparities do exist."™ Much of the literature examining the

between asthma-related ED visits and hospitalizations and sociocconomic

status has been produced in the United States of America, where. unlike Canada. there is

no universal healthcare system. The paucity of Canadian literature that does exist

consisted of markedly varied and difficult-to-compa ies with inl
outcome measures and definitions of socioeconomic status. While the bulk of Canadian
literature tends to confirm similar trends as found in other jurisdictions. it is less

and |

robust than the remaining literature. This was

in the mini i of the Canadi ly literature contained in the

introduction to this the

The systematic literature review confirmed the first thesis hypothesis that there was a

general trend of increasing asthma-related morbidity with decreasing SES. Further.

sthma-related ED

review of the Canadian literature demonstrated that the variation in




visits and hospitalizations. as they relate to one’s socioeconomic status, had not been well

studied in Canada and was largely unknown.

I'he literature review suffered due to the protean number of study designs. socioeconomic
comparators, socioeconomic classification systems. and inhomogencous populations that

prevented s

atistical pooling of results in a more formal meta-analytic format. There was
also a dearth of analytic studies with much of the literature consisting of observational

data only. This was particularly true for the Canadian studies.

The literature overwhelmingly supported an inverse relationship in which decreasing
sociocconomic status was associated with increasing asthma-related morbidity. This is

particularly true of the United St

ates. the country in which the majority of rescarch on this
topic has been conducted. Having demonstrated this fact. the second manuscript

attempted to address the question of whether or not asthma-related ED visitors were

socioeconomically similar to the general population with whom they reside in Ontario.

Canada.

5.3 Asthma ED visitors are different from the general population with
whom they reside

is and demonstrated clear and marked

Manuscript 11 addressed objective 2 of this thes
differences in the SES of adult patients with asthma who utilize the ED compared to the

geographically matched general population with whom they reside. Amongst ED visitors,



differenc gender, income. and educational attainment categories were both

clinically and statistically discrepant from that of the general population. The distribution

of marital status and the

and employment status, while still different between ED visitors

le:

general population, was

strikingly different. Overall, this suggested that SES and

markers it associated with socioeconomic deprivation were associated with

increased ED visits in Ontario, Canada and confirmed the second tenet of the hypothesis

underlying this thes

“The study conducted an analy: teristics of ED visitors

to compare the individual ¢!

10 a geographically and SES matched reference population. Traditionally. composite or

derived regional markers of SES identified by postal/ZIP code or census block are
utilized to infer the socioeconomic status of individuals in studies of this kind. This is

o

primarily because individual level data is often expensive and difficult to obtain.™ This

leads to confoundi bias in which or lack thereof fail

to predict or represent individual level associations. Utilization of individual level data in

an analys

s of this type effectively reduces or nullifies the effect of ecologic bias and was

one of the major methodological strengths of thi

dy. The principal limitation of this

study derives from difficult

s with database linkage. Specifically. data from the OAR

NACRS. and Statistics Canada Census data are not entirely contemporancous and this

may have i 1 errors in the estimation of reference populations and market shares.

In addition. the Statistics Canada Long Form Census is a complex sign and the

survey d

dataset utilized represented a weighted 20% sample of the total population. Attempting to

account for this weighting was complex and several assumptions regarding the dataset




were made when doing so. Specifically. the increased sample variance of the Statistics

Canada 20% 2001 Cens

mple data was not directly accounted for and was assumed to

be homogencous for all data. Instead. a sensitivity analysis was conducted to attempt to

account for any loss of statistical robustness. These mptions regarding observation

weights and variances may not be valid. Finally, rural patients with asthma were

underrepresented due to the selection criteria employed.

Cy rmed the second major tenet of the

Ac jging these limitations, the analy

thesi

hypothesis that Canadian patients with asthma who visit the ED are different from

the general population and consist of an increased proportion of SES disadvantaged

persons than the general y The nature and magnitude of the relationship of these

differences were addressed in the third manuscript.

5.4 SES characteristics are associated in a predictable way with ED

visits

Manuscript 11 addre:

ed the final objective of this thesis. The principal finding of this

study was a well-defined gradient of increasing risk of an ED visit with increasing

sociocconomic disadvantage in a Canadian cohort of patients with asthma. The direction

and. more pointedly. the magnitude of the findings are somewhat surprising in the context

of a socialized healtheare system that purports to have universal access and availability

Younger age. and female sex were both associated with a higher risk of an asthma-related

ED visit. Lower houschold income and lower level of educational attainment were also



associated with increased asthma-related ED visits in age-sex adjusted univariate and

multivariate models. The utilization of a large amount of individual level data allowed

minimization of ecological bias in the analysis and afforded a high level of confidence in

the quality of the data.

FFrom a methodological standpoint. the analysis presented in the third thesis manuscript

suffers from similar weaknesses as outlined regarding  the

cond  manuscript.

Principally, these were in the same three broad categories: complexities of dataset

linkage. assumptions regarding statistical weighting, and rural under

T'he analysis did. however, support the third and final tenet of the thesis hypothesis that
socially disadvantaged Canadian patients have a higher risk for asthma related morbidity

more frequently than the less socially

and tend to visit the

disadvantaged.

5.5 Clinical Implications

T'he role of socioeconomic determinants on as

sthma-related morbidity. both generally and

in the Canadian context. has been clearly demonstrated in the three manuscripts that

comprise the body of this dissertation. While it is pos

sible that age. sex and racial genetic
differences explain some of the observed variation attributed to sociocconomic factors the

more probable explanation is more complicated.



Firstly. socioeconomically disadvantaged persons more frequently reside in arcas exposed

ed

to high pollen counts. have increas xposure 1o houschold smoking. were  less

frequently breast fed as children. and are more likely to be obese.”" Hence.

socioeconomi

lly disadvantaged persons are probably exposed more frequently to

microenvironments that are often not conducive to good asthma care.

. even in a social

SOnS

ccondly. sociocconomically disadvantaged per ed health system.
may continue to suffer from barriers to access to care including monetary (lack ol
preseription drug coverage, lack of a regular primary care provider, inability to pay for
transportation. inability to defer benefits of work for medical care). physical (rural
patients need to travel farther. poor access to/utilization of specialist providers). and
informational (reduced general literacy. reduced health literacy. poor access to discase
118

specific education regarding chronic discast

s.)

Fundamentally. individual microenvironment and barriers to access to care are modifiable

risk factors. Microenvironment change is possible and current guideline statements are
replete with statements regarding both their usefulness and supporting literature."”
Microenvironment change may be difficult for persons of limited sociocconomic means
and may require significant personal. healthcare, and financial resources to implement
Barriers to access to care are removable if the resources are provided to identify them and
do so. In fact. a number of evaluative frameworks are available the sole function of which

is to identify modifiable health care access barrier:

2020 1y
! These could be employed in the



study of asthma epidemiology and the findings implemented as part of a chronic health

care model for asthma.

s presented in the manuscripts of this thesis identify that socioeconomic

The analy

differences in asthma morbidity exist in Canada. More importantly. this body of work

helps to identify the populations at highest or increased risk for asthma-related morbidity

arriers and

in Canada. Using this information to target further study of health care acces

subsequent interventions and also to aid in the implementation of microenvironmental

change is the ultimate contribution of this work.

5.6 Conclusion

Asthma morbidity is related to socioeconomic status regardless of country, race/ethnicity.

demonstrated by the

or

x. This is true for the Canadian experience as well. This i
findings of this study which showed that there are statistically and clinically important

differences in the socioeconomic characteristics of adult patients with asthma who visit

i) in Ontario, Canada and the general population in which they reside and that these

the

in the risk of an

di

ences are charactel

zed by strong and graduated increas
emergency department visit amongst asthma-related ED visitors in Canada that increases

se differences  highlight

with increasing markers of sociocconomic deprivation. The
specific groups of people who may be more susceptible to asthma morbidity and

mortality and for whom targeted interventions such as asthma education. preseription



drug subsidies. and environmental modification subsidies may decrease the overall

human and absolute cost of asthma.
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7.2 Appendix I1: SAS Program for Manuscript 11

Analysis of ORORN and Statistics
A44ssessessessscessssscsssssins Canada Data for Selected Forward Sortation Areas (67

This is the analysis program code for the Chi-Square statistics comparing the ORORN and

Statistics Canada samples
for manuscript IT of masters thesis.

Note on dataset naming conventions:

Dataset are named:
library.<data origin>_<variable of interest> <operation performed>
Wher

(1) <Data Origin> = Indicates whether the data is from the ORORON or Statistics Canada
2001 Census data or both (e.g. ORORN, StatCan, StatCanORORN)

(2) <variable of interest> = Principal variable contained in dataset (e.g. gender,
married, combined, etc...).

(3) <operation performed> Indicator of changes made to dataset. (e.g. stacked,
transposed, etc...).

Note on Weights, Data Manipulations, and Data Usage:

Recall that the Statistics Canada Observations are a 20% sample of the Canadian population
that is weighted to the actual population size. In order to crudely account for the
‘artificial' increase in ‘observations' that this causes, and therefore increased
confidence in the test statistic, the Statistics Canada count data have been reduced by a
factor of 5 (simple division).

For the employment data, I have not utilized ORORN retiree data. Hence the value of 'n’
smaller for this analysis. I also have discrepant results when the analysis is conducted
than was provided in the analysis that Andrew and Miao gave me when they compared selected
versus not selected patients from the ORORN dataset.

Author and Modification Inf

Paul M. Heffernan, MD FRCPC FCCI
Tast Edit: Monday, May 4, 2011 & 20:05HRS

ods rtf £il
2012HRS. rtf

- chi Squares - May 9, 2011 -

Libname SES

444+ SEX CHI-SQUARE and MANTEL-HANSZEL

This Program restructures Statistics Canada and ORORN data and Calculates Chisq and
Mantel-Hanszel statistics controlling for FSA
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+ Create a dataset with the Statistics Canada FSA, Gender, and
ALET SENDIV=5;

data work. statcan_gender;

set SES.temp;
Keep. GEOGRAPH SEX3 TOTALALL;
abel  SEX3='Patient Gender'  TOTALALL='Statistics

Forward Sortation Area (FSA)

GEOGRAP!
run;

Count data for each

Canada  Strata

* Create a dataset with the ORORN FSA, Gender, and Count data for each strata ;

data work.ORORN_gender;
SES . temp;
keap GROGRAPH SEX2 ORCRI_pueste;
K3-Patient  Gender! | TOTALALL
SEaRATH=rForvasd Bortation Aces (FEA)"

statistics

* Make dummy encoding variables indicating origin of data Copy count data to

called 'wvar' to be use
to ‘weight' in statistical calculations ;

data work.StatCan_gender;
t work.StatCan_gender;

group=0;
WVAr=TOTALALL/&SENDIV;

data work.ORORN_gender;
set work.ORORN_gender;

WVar=ORORN_nQuests

* Merge data vertically;
data work.StatCanORORN_gender_stacked:

set work.StatCan_gender work.ORORN_gender;
keep GEOGRAPH SEX3 wVar group;

run;
* Label variables and Data;

data work.StatCanORORN_gender_stacked;
work.StatCanORORN gender_stacked;
label group ="StatsCan or ORORN data”;

proc format;
value groupf 0="Statistics Canada" 1

"ORORN" ;

* Do regular Chi-square;

Proc freq dateswork.StatCAnORORN_gender_stacked;
weight wvar;

format group g

Cables bex3tavoup. /ehisq NOCUN NOROW NOPERCENT ;

* Do Cochran-Mantel-Haenszel Statistics;

proc freq data=work.StatCanORORN_gender stacked;
eight wvar;

canada  Strata

strata;

Total

Total®

a variable



format group groupf.
tables GEOGRAPH*sex3*group /CMH NOPRINT;

This Program restructures Statistics Canada and ORORN data and Calculates Chisq and
Mantel-Hanszel statistics controlling for FSA;

* Create a dataset with the Statistics Canada FSA, AGE category, and Count data for each
strata;

data work.Statcan_AgeCategory;
set SES.temp;
keep GEOGRAPH AGES TOTALALL;
Labariacese e e W Bcaes A lnan i e s R el s e
GEOGRAPHL~Forvard Sortation Area (FSA)

* Create a dataset with the ORORN FSA, Age Category, and Count data for each strata;
data vork.ORORI AgeCategory;
emp;
Yeap GEOGRAPH AGES ORORN_nguests;

label SEX3='Patient Age Category’ TOTALALL='Statistics Canada Strata Total'
Forvard Sortation Area (FSA)"

! Make dumy encoding variaples indicating origin of data. Copy count data to a varisble
called 'wvar' to be used to 'weight
in statistical calculations ;

data work.statcan Agecategory;
© work.Statcan AgeCategory:

et STOTALALL/ 45ENDTV;
run;

data work.ORORN_AgeCategor:
set work.ORORN Agecategory;
grou
WVar=ORORN nQuests;

* Merge data vertically;
data work.StatCanoRORN AgeCategory stacked;

work . ORORN_ v
e SERGRATE. AGES ier group;

* Label Variables and Data;

data vork.StatCanORORN AgeCateqory. st
vork. StatcanoRomy Aqecateqery stacked
»

Taber tsCan or ORORN

proc format;
value groupf 0

Statistics Canada”



* Do regular Chi-square;

proe £req dataswork.StatCanoRORN AgeCategory_stacked;
weight wvar;
oot g oupt
tables AGES-qroup /chisq NOCUM NOROW NOPERCENT ;

* Do Mantel-Haenszel Statistics;

proc freq data=work.StatCanORORN_AgeCategory stacked;
weight wvar;
format group groupf.
tables GEOGRAPH*AGES*group /CMH NOPRINT;

INCOME Category and

This Program restructures Statistics Canada and ORORN data and Calculates Chisq
and Mantel-Hanszel statistics controlling for FS)

* Create a dataset with the Statistics Canada FSA, INCOME category, and Count data for
each strata;

data vork.statcan_tnccats
t SES. te
Keop. SEXS AGES GEOGRAPH HHLDINCO TOT

ALAL
label HRLDINCO-atient TNCONE Category: FOTALALL-'Statistics Canada Strata Total'
Forward Sortation Area (FSA)"

GEOGRAP!

run;

* Create a dataset with the ORORN FSA, INCOME Category, and Count data for each strata;
data vock.cnom_taccaty
set SES.temp;
Keep. SEXS AGES GEOGRAPH HHLDINCO ORORN nguests
1 SEX3=Patient

ALALL='Statistics Canada Strata Total'
Forward Sortation Area (FSA)";

dumny encoding variables indicating origin of data. Copy count data to a variable
called 'wvar' to

used to 'weight' in statistical calculations;

data work.Statcan_IncCat
set work.StatCan_IncCat;
group=0;
WVar=TOTALALL/4SENDIV;
run;

data work.ORORN_IncCat;

t work.ORORN_TncCat;
group=1;
WVar=ORORN_nQuests;

run;

* Merge data vertically;
data work. StatCanORORN_ Incca

ork.StatCan_IncCat work.ORORN_IncCat;
Yeap GEOGRAPH SEF3 AGES NALDINCO wiar 9rouwp:




* Label Variables and Data;

data work.StatCanORORN_IncCat_stacked;
t work.StatCanORORN IncCat_stacked;
label group ="StatsCan or ORORN data’;

proc format;
value groupf

statistics Canada” 1

RORN" ;
run;

* Do regular Chi-square;

proc freq data=work.StatCanORORN_IncCat stacked;
weight wvar;
o group groupt.;
tables HHLDINCO*group /chisq NOCUM NOROW NOPERCENT ;

* Do Mantel-Haenszel Statistics;

Proc £req datasvork.StatCanORORN_incCat_stacked;
eight wiar;
Forat yrous GEGBE,
tables GEOGRAPH-HRLDINCO*group /CHH NOPRINT;

proc £req datavork.StatCANORORN_Inccat_stacked;
eight wias
Tormat group grou
tables sex}'Aqu'GEUGMPH‘NNLDINCD'Qroup /CMH NOPRINT;

F4AANLEASESEEA RS ER A s s ai s et EDUCATION Category CHI-SQUARE and MANTEL-HANSZEL

This Program restructures Statistics Canada and ORORN data and Calculates Chisq
and Mantel-Hanszel statistics controlling for FSA

* Create a dataset with the Statistics Canada FSA, EDUCATION category, and Count data for
ecach strata;

data vork-StatCan. sducac;
set SES. ter
Feep  GROGRAPH SCHOOLTN TOTALALL;
T T i S
Total' GEOGRAPH="Forward Sortation Area (FSA)"
run;

statistics Canada Strata

* Create a dataset with the ORORN FSA, EDUCATION Category, and Count data for each strata;

data work-ORORI Educat;
t sES.tem
keep GEOGRAPH SCHOOLIN ORORN_nQuests;
Jisel ampsimaian: Bus citsey soTua
Forward Sortation Area (FSA)"

Statistics Canada Strata Total'

* Make dummy encoding variables indicating origin of data. Copy count data to a variable
called 'wvar' to be used
to ‘weight' in statistical calculations;

data work.StatCan_EduCat
ot work- SiatCan. Educat;



group
WVar=TOTALALL/§SENDIV;

data work.ORORN_Educat;
et work.ORORN_EduCat;

group:
WVar=ORORN_nQuests;

* Merge data vertically;
data work.StatCanORORN_EduCat_stacked;
set

t work.StatCan_Educat work.ORORN_Educat;
keep GEOGRAPH SCHOOLIN wvar group;

* Label vVariables and Data;
data vork-StatCanOROR_Educat,_stacked;

 work.StatCanORORN EduCat_stacked;
label group ="Statscan or ORORN data”;

proc format
Value group 0-"Statistics Canada® 1-"ORORN';

* Do regular Chi-square;

proc freq data=work.StatCanORORN_Educat_stacked;
weight wvar;
format group gr
tables sc»ooumgmup /chisq NOCUM NOROW NOPERCENT ;

* Do Mantel-Haenszel Statistics;

proc £req datawork. StatCandRORY_Bducat_stackeds
weight wv
Toraat group groupt
tables GEOGRAPH-SCHOOLIN*group /CHH NOPRINT;

PROTIOOIN status

This progran restructures Statistics canads and ORORN data and calculates Chi-square
and Mantel-Hanszel statistics controlling fo

* Create a dataset with the Statistics Canada FSA, Employment category, and Count data for
Sach sizat
‘Create a dataset with the statistics Canada Data;
data work.statcan 1fa;
set SES.temp;
keep GEOGRAPH EMPLOYED UNEMPLOY NOTINTHE;

* Create a dataset with the ORORN Data. Note: Retirees are excluded.;

data work.ORORN_1f
set SES. temp;




keep GEOGRAPH  ORORN employed ~ ORORN unemployed  ORORN notinlaborforce
/+ORORN_retiredt/;

* ¥ake| ey ancoding ariables Indicattog ocizinaing!dataset(Bkatten (axioRoR] iof deta:
Do not create retiree addition to not

data work.StatCan_1fa
set work.StatCan 1fa;
grouj

data work.ORORN_1fa;
set work.ORORN 1fa;
/+ORORN_nilf = ORORN_notinlaborforce + ORORN retired;+/
group=1;

* Generate a dataset for each category of 'labor force activity' for Statistics Canada
data and stack them.

There are three data steps for eacl

(1) Get data
(2) create pumny for group
(3) Create new dataset;

data vork.statcan_ite enp:

set work.StatCai

keep GEOGRAPH s
run;

data work.statCan_1fa_emp;
set work.statCan_lfa_emp;
1fa = EMPLOYED/S;
1fagroup=0;

run;

data work.statcan_1fa_emp;

set work.statcan 1fa_eny

Keep GEOGRAPH 1fa 1fagroup group:
run;

data work.statcan 1fa nemp;
set work.StatCan_lfa,
keep GEOGRAPH UNEMPLOY group;

data work.statCan 1fa_nem
set work.statCan_lfa_nemp;
1fa = UNEMPLOY/
1fagroup=1;

run;

data work.statcan_ite_nen

et work.sLatcan. 1fa_nemp

Yeop GEOGRAPH 1fa 1€agroup group:
run;

data vork.statcan_ite nile)
set work.Statcas
koop GEOGRAPH NOTINTHE group;

data work.statcan 1fa nilf;
set work.statCan 1fa nilf;
1fa = NOTINTHE/S;
Lfagroup=2;



data work.statcan_lta nilt;
ork.statcan 1fa nilf;
Yeap GEOGRAPH 1£3 1fagroup groups
run;

data work.statcan_1fa_stacked;
X emp work  1fa_nemp work.statcan 1fa nil

 Generate a table for each category of 'Labor force activity' for ORORN data and
them;

data work.ORORN_1fa_emp;

set work.ORORN_1fa;

keep GEOGRAPH ORORN_employed group;
data work.ORORN_1fa_eny

set work.ORORN 1fa emp;

1fa = ORORN_employed;

1fagroup=0;

data work.ORORN_1fa_emp.
Set work.ORORN_1fa_emp;
Veep GROGRAPH 1fa 1fagroup group:

data work.ORORN 1fa_nemp;
set work.ORORN_1fa.
Veep GROGRAZH ORORN_unemployed aroup;
run;

data work.ORORN_1fa_nemp;
set work.ORORN_1fa_nem
1fa = ORORN_unemployed;
1fagroup=1;

data work.ORORN_Lta_nemp;
work.ORORN_1fa_nemy
Keep GEOGRAZH 1ta Tfagroup group:

run;

data work ORORY_Lfa_nile;

set work.ORORN_lfa

Keep GEOGRARH GRORN_not inlaborforce group;
run;

data work.ORORN_1fa_nilf;
set work.ORORN_lfa nilf;
1fa = ORORN_notinlaborforce;
1fagroup

data work.ORORN_1fa_nilf;
ROR:

keep GEOGRAPH 1fa fagroup group;

data work.ORORN_1fa_stacked;
et work.ORORN 1fa emp work.ORORN_1fa_nemp work.ORORN 1fa nilf;
run;

data work.StatCanORORY_1£a_stacked;
t work.StatCan_lfa stacked work.ORORN_1fa_stacke:

* Label variables;

stack



data work.StatCanORORN_1fa_stacked;
set work.StatCanORORN 1fa_stacked;
label GEOGRAPH = "Forward Sortation Area (FSA)"
group ="StatsCan or ORORN data”;

"Labour Force Activity"

1fagroup

(1) Make labels and titles

(2) Perform Chi-sq statistics and MH statistics;

proc format
Value 1fagroupt 0-="Employed® lr'UnemplDyed‘ 2="ot In Labor Force";
value groupf 0="Statistics Canada n

proc freq data=work.StatCanORORN lfa_stacked;
weight 1fa;
format 1fagroup lfagroupf. group groupf.;
tables 1fagroupgroup /chisq NOCUM NOROW NOPERCENT;

stacked;

proc freq data=work.StatCanORORN_Lf,
weight 1fa;
format 1fagroup lfagroupf. group group:
tables GEOGRAPH*1fagroup*group /CHH L.

AAAEALLA LSRR L A e es Marital Status Status CHI-SQUARE and MANTEL-HANSZEL

This Program restructures Statistics Canada and ORORN data and Calculates Chi-square
and Mantel-Hanszel statistics controlling for FSA

* Create a dataset with the Statistics Canada FSA, Marriage category, and Count data for
each strata;

* Create a dataset with the statistics Canada Data;
dBEauorE stafosn aebity

set SES.temp;
Keep GHOGRAPH SINGLENE MARKIEDI SEPARATE;

* Create a dataset with the ORORN Data;
data work.ORORN_Marstat;
t SES.temp;

keep GEOGRAPH ORORN_single ORORN married ORORN_previouslymarried;
run;
* Make dummy encoding variables indicating originating dataset (StatCan or ORORN) of data;
data workseatcan parstat

‘set work.Statcan Marstat;

group

run;
data vork.oRom. aratat;

t work.ORORN_MarStat;

group:

run;

ch category of 'Marrital Status' for Statistics Canada data and

* Generate a dataset for
stack them



There are three data steps for each:

(1) Get data
(2) Create Dummy for group
(3) Create new dataset

data work.statcan Marstat_singl
set work.StatCan Marstat;
keep GEOGRAPH SINGLENE group;

run;

data work.statCan _Marstat_single;
¢ work.statCan Marstat single;
MarStat = SINGLENE/S;
Marstatgroup=0;

data work.statCan MarStat_single
set work.statcan Marstat single;
keep GEOGRAPH MarStat MarStatgroup group;

data work.statcan MarStat married;
set work.StatCan Marstat
keep GEOGRAPH MARRIEDI group;

data work.statCan MarStat_married;
t work.statCan_MarStat_married;
MarStat = MARRIEDI/S;

data work.statCan_MarStat married;
set work.statcan MarStat_married;
keep GEOGRAPH MarStat MarStatgroup group;

data vork.statcan Marstat. prevaar;
work.StatCan_MarStat;
Keep GROGRAPH SEPARATE. groups

data work.statCan MarStat_prevmar

tat
Marstatgrou

data work.statcan Marstat. prevaer;
set work.statcan Marstat |
Kecp GEOGRAPH MaTSeat MATStatarowp group:

data work.statean_Harstat_stacked;
work.statcan MarStat_single
work,statcin \ Marstat_prevmar;

work.statcan Marstat_married

* Generate a table for each category of 'Labor force activity' for ORORN data a

them;.

data work ORORY_ arstat_single;
_Marsta
Keep GEOGRAPH GRORN _single group;

data vork.OnORM_ arstat_single
set work.ORORN Marstat_single;

nd stack



MarStat = ORORN_single;
Marstatgroup=0,

data work.ORORN MarsStat_single;

set work.ORORN Marstat_single;

keep GEOGRAPH Marstat MarStatgroup group;
run;

data vork.oRoRN Marstat_marcied;
et work.ORORN_MarStat;
Veep GEOGRAPH ORORN married group:

data work.ORORN MarStat_married;
set work .ORORN MarStat married;
MarStat = ORORN_marrie
Marstatgroup=1;

data work.ORORN_MarStat_ma;
set work.ORORN MarStat married;
keep GEOGRAPH MarStat MarStatgroup group;

run;

data work ORORN. MazSta:.prevaar;
/ork.ORORN_Marstat;
Ree GROGRAPE GRORN _previouslymarried group;

data work ORORN MarStat._prevmar;

ORORN_HarStat prevmar;
MarStat = ORORN. pukuszymrnea»
Marstatgrou

data work.ORORN_MarStat_prevmar;
t work.ORORN_MarStat_prevmar
keep GEOGRAPH MarsStat MarStatgroup group;

data work.ORORN_arstat_stacked;
work.ORORN_MarStat_single work.ORORN_MarStat_married
"tk CRORe NizaEAt: DEevey

data work.StatCanORORN MarStat_stacked
set work.StatCan MarStat_stacked work.ORORN MarStat stacked;
run;

* Label variables;

data work-StatCanORORN Warstat.stacked;
 work.StatCanORORN Marstat_stacke
label GEOGRAPH = "Forward Sortation Area (FSA)" MarStatgroup = -Marital Status”

group ="Statscan or ORORN data’;

*(1) Perform Chi-sq statistics and MH statistics
(2) Make labels and titles;

proc format;
value MarStatgroupf 0="Single® 1
value groupf 0="Statistics Canada

ried”
1="ORORN" ;

Previously Married

run;

proc freq data=work.StatCanORORN_MarStat_stacked;
weight Marstat;
format MarStatgroup MarStatgroupf. group groupf
tables Marstatgrouptgroup /chisq NOCUM NOROW NOPERCENT;



proc freq data-work.StatCanORORN MarStat stacked;
weight Marstat;
MarStatgroup MarStatgroupf. group groupf.

format
GEOGRAPH *MarStatgroup*group /CHH NOPRINT;

tables

ods rtf close;




7.3 Appendix I1I: SAS Output for Manuscript 11

s and Statistics

7.3.1  Comparison of FSA’s with >50% market share of ED v
Canada General Population Data — Sex

Table o SEX3 by group.
SEX3[Patient Gender) (tatsCan or ORORN daa)
Frequency Col Pet OR Towl

Female 1256485199 | 6746621 | 126322

Male 10 as01 | 33379 | 116382

Toul 241686 1018 27104

F | Value | Prob
<0001
83,9393 | <0001
1,566 | <0001
821329 | <0001

Stalisic
-Square

Continuy Adj Chi-Square

____u

MantelHaenszel Chi-Square

125648
347920
1.0000

1.569E.20
5969620

Table Scores)
atistc_|_Altemative Hypothesis | OF | Valve | Prob |
Norz n | 1| 806359 | <0001
1| 806359 | <0001
1| 806359 | <0001

Cohort Manle\—NaenszeWBQG?ﬁ_0%71 09981 |
(ColRisk) | Logi 09089 | 09985 | 09982

Cohort Mantel Haenszel ‘ 7645 | 15765 | 2025
(Co2RisK) | Lot 16950 | 14642 | 19356




eneity of the 0dds Ratios
696254

61
02100

7.3.2 Comparison of FSA’s with >50% market share of ED vi

Canada General Population Data — Age Group

“Table of AGES by group .
AGES(Patient Age Category) | group(S
Frequency Col Pt Statscs Canada n
2039 years 96636 39 98 97179
4059 years 917393796 92081
60 years and over 533112206 53444
Total 201686 22704
OF [ Vaiu
are 2 | 87479
ihood Ratio Chi-Square | 2 | 89.7903 | <0001
e | 1| 86,0010 | <0001
i Coefficient 00190 |
00190
mer's V 00190
Cochran i Table Scores)
Statistc i OF [ Vae | Prob
1 1 [ 1032859 | <0001
2 Row Mean Scores Difler | 2| 1043494 | <0001
3 General Associl 2| 1043494 | <0001

n of FSA’s with >50% market share of ED vi

and Statistics

Canada General Population Data — Housel

d Income

Tl HHLDINCO by group

E’\g

Frequency ot Saolos Conode
Persons in households with household income xzs 0001049,999 | 564512336

56845

1458116033 145082
| s 63t 39777

21686 22104




Statisic OF [ Vale | Prob
Chi-Square 2| 5019084 | <0001
Likelinood Ratio Chi-Square | 2| 4848257 | <0001
Mante-Haenszel Chi-Square | 1| 23478 | 01255
Phi Coeffcient |o0ss

Cont 00454

Cramers V [ 00455

Row Mean Scores Difler | 2 | 3969411 | <0001
General Associaion | 2

7.3.4  Comparison of FSA’s with >50

market share of ED vi

and Statistics

Canada General Population Data — Highest Level of Educational Attainment

123.1297 | <0001
56100 | 00178
00230
00230
00230

pothesis
‘Row Mean Scores Differ

1135811 | <0001

or ORORN
ics Canada | ORORN | Total
83933326 | 3993919 | 80792
61876 2560 1651621 | 62043
356271470 | 2502456 | 35777
638082643 | 2042004 | 64092
241686 1018 202104
Valve ] Prob
1282443 | <0001



735

Canada General Population Data

Comparison of FSA’s with >50°

o market share of ED vi

Employment Status

Table offagroup by gou
agroup(Labour Force Activity) ORORN data)
Frequency Col Pat Statlcs Canada | ORORN | Toial
mployed 941 6 6836742 | 155624
 Uneny - 10473432 1561540 | 10629
NotIn Labor Force T69713176 | 1741718 | 77145
ot 2365 003 | 43398
Statstc OF | Vaive )
Chi-Square 2| 3531275 | <0001
L 2| 2540048 | <0001
Manlel-Haenszel Chi-Square | 1| 386826 | <0001
Phi Coeffcient 00381
Contingency Coeficient 00381
Cramers V 00381
[c Tabe Scores]
tatstic OF [ Valve | Prob
1| 574512 | <0001
 Mean Scores Difer | 2 | 3456112 | <0001
o 2 | 56112 | <0001

7.3.6  Comparison of FSA’s with >50% market share of ED v

Canada General Population Data — Marital Stat

Table ou
requency ColPet_____| Statistics Canada Total
ingle 47697 19.68 47976
aried 157544 65,00 158103
37131532 37318
otal 22364 243397
Statistc OF [ Vae | Pob
Chi-Square 2| 491140 | <0001
inelivood Ratio Chi-Square | 2 | 46.3227 | <0001
110178 | 00015
Phi Cosfficent 00142
Conlingency Coeffcent 00142
ramers V 00142

and Stati:




ISt Table Scores]
OF [ Ve | Prob
1| 145421 | 00007
Offer | 2| 487697 | <0001
2| a87697 | <0001




7.4 Appendix IV: SAS Program for Manuscript 111

Regression analysis for Masters's ++es
s - 111

OO Paul M. Heffernan, MD PRCPC tervererrarsreaseen

This program conducts all the data manipulation, organization, and analytic

procedures or all portions of Manuscript ITI of the Master's Thesis.

Note on dataset naming conventions:

Dataset are named:

library.<data origin>_<variable of interest> <operation performed>

Wher

(1) <pata Origin> = Indicates whether the data is from the ORORON or Statistics
Ccanada 2001 Census data or both (e.g. ORORN, StatCan, StatCanORORN).

(2) <variable of interest> = Principal variable contained in dataset (e.g.
gender, married, combined, etc...).

(3) <operation performed> = Indicator of changes made to dataset. (e.g. stacked,
transposed, etc...).

Poisson Regression:

The population at risk, or denominator will be the strata population from Statistics
canada.

The observations, or numerator, will be a weighted derivative of the ORORN strata
counts.

The weight will be the the reciprocal of the sum of ORORN strata counts for an FSA
divided by the number of ED visits recorded by NACRS for that FSA if the observations
are weighted.

The weight will be the the sum of ORORN strata counts for an

divided by the nuaber of ED visits recordad by NACRS for that "FSh 1f the observations
are weighi

Author and Modification information:
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Paul M. Heffernan, MD FRCPC

Last edit: May 9, 2011 @ 20:15 HRS

OPTIONS nodate nonumber nocenter formdlim="-

Libname asthma "z:\sas\asthma";

“libname asthma "c:\Users\Paul\Desktop\"

+ Read in dataset and create a full and working copy of the dataset called

work.FullDataset and label Data that will be used. Make PoissonRegression dataset

to perform calculations to use as a working dataset.;

ods pdf file='z:\My Desktop\index.pdf

. ods html body="poissonregression. html
poisson.html' style=statistical;

poissoncontents. html®

LET SENDIV=1000;

data work.FullDataset;
set asthma.temp;
label AGES='Age Group';
label EMPLOYED='Statistics Canada Strata Count of Employed Persons';
label GEOGRAPH='Forward Sortation Area (FSA)';
label HHLDINCO='Household Income Category';

label NOTINTHE='Statistics Canada Strata Count of Persons *Not* Active in the
Labour Force';

label ORORN NotInLaborForce='ORORN Strata Count of Persons *Not* Active in the
Labour Force';

label ORORN_employed='ORORN Strata Count of Employed Persons';
label ORORN married='ORORN Strata Count of Married Persons’

label SEX3='Gender'

label SCHOOLIN='Educational Attainment Category';
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label TOTALALL='Statistics Canada Strata Count';
label SINGLENE='Statistics Canada Strata Count of Single Persons’;

label SEPARATE='Statistics Canada Strata Count of Previously Married Persons';

label UNEMPLOY='Statistics Canada Strata Count of Unemployed Persons’;
label ORORN_nQuests='ORORN Strata Count';
label ORORN_single='ORORN Strata Count of Single Persons’;

label ORORN_previouslymarried='ORORN Strata Count of Previously Married Persons';

label ORORN_unemployed='ORORN Strata Count of Unemployed Persons
label ORORN_retired='ORORN Strata Count of Retired Persons';

label NACRS Total='NACRS Total number of Asthma-Related Emergency Department
Visits for an FSA';

label ORORN_nRespondAllQuests='Sum or ORORN strata counts across FSA';
label NARRIEDI='Statistics Canada Strata Count of Married Persons’

run;

data work.PoissonRegression;
set work.FullDataset;

keep GEOGRAPH AGES SEX3 HHLDINCO SCHOOLIN TOTALALL SINGLENE SEPARATE EMPLOYED
UNEMPLOY MARRIEDI

NOTINTHE ~ ORORN nQuests  ORORN single  ORORN previouslymarried
ORORN_married ORORN_employed

ORORN_unemployed ORORN_retired ORORN NotInLaborForce NACRS Total
ORORN_nRespondallQuests;

Set-up and Calculation of Weights and Poisson Regression analyses

count from statistics /

/+ This demonstrates that there are B strata that have
/+ canada despite a matching questionaire from ORORN. These ORORN observarions are */

/* lost to the analysis and leave a remainder of 1010 observations for the analysis.*/

data work.zerovalues;
set work.poissonregression;

if TOTALALL ne 0 then DELETE;



if ORORN_nQuests = 0 then DELETE;
KEEP GEOGRAPH AGES SEX3 HHLDINCO SCHOOLIN TOTALALL ORORN_nQuests;

title ‘zero Population in Strata from Statistics Canada *or* no ORORN Responders’;
proc print data=work.zerovalues;

/+ calculate the Proportion of NACRS visits that I caputred in my dataset. +/
Data work.PoissonRegression;
set work.PoissonRegression;

pos R da1 _total;

/+ cannot use log of Zero in offset. Therefore, remove these rows. - Currently commented

out and will let error messages appear in log *

/+ calculate Offset(StatCanWeightedstrataCount) */

Data work.PoissonRegression;
set work.PoissonRegression;
*if TOTALALL=0 then DELETE;

*if ProportionOfNACRS=0 then DELETE;

1og(Proport )
label StatCanweightedStrataCount='Log of weight factor or offset variable';

/+ Do poisson regressions. First with just stratification variables as univariate
comparisons, then the multiple regression

/* Note that parameter estimates are included as are type III analytics. Finally, the
pearson chi-square overdispersion correction is applied. +/

7-44



/+ Level of Educational Attainment - Controlled for Age and Gender */

title 'Poisson: - uni - Age and Sex Controlled';

proc genmod data=work.PoissonRegression;

SCHOOLIN(ref='Some or completed university certificates or degrees
param=ref) AGES SEX3;

model ORORN nQuests = SCHOOLIN AGES SEX3 / offset=StatCanWeightedStrataCount
log dist=poisson pscale type3;

proc genmod data=work.PoissonRegression;
class SCHOOLIN AGES SEX3;

model ORORN nQuests = SCHOOLIN AGES SEX3 / offset=StatCanWeightedStrataCount
og dist=poisson pscale type3;

1smeans SCHOOLIN /C}

estimate 'Some or completed trade or college' int 1 SCHOOLIN 1 0 0 0 /exp;

estimate 'Some or completed university certificates or degrees' int 1 SCHOOLIN 0 1
00 /exp;

estimate 'High school graduation certificate' int 1 SCHOOLIN 0 0 1 0 /exp;
estimate 'Without high school graduation certificate’ int 1 SCHOOLIN 0 0 0 1 /exp;

run;

title 'Poisson: Household Income - Univariate - Age and Sex Controlled';

/* Household Income Univariate - Controlled for Age and Gender+/

proc genmod data

ork. PoissonRegression;

class HHLDINCO(ref='Persons in households with household income $50,000 and over'
ef) AGES SEX3;

parar

model ORORN_nQuests = HHLDINCO AGES SEX3 / offset=StatCanWeightedStrataCount
og dist=poisson pscale type3;

proc genmod data

jork. PoissonRegression;
class HHLDINCO AGES SEX3;

model ORORN nQuests = HHLDINCO AGES SEX3 / offset=StatCanWeightedStrataCount
og dist=poisson pscale type3;

1smeans HHLDINCO /CL;
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stimate ‘Persons in households with household income $25,000 to 49,999' int 1
HHLDINCO 1 0 0 /exp;

estimate ‘Persons in households with household income $50,000 and over’ it 1
HHLDINCO 0 1 0 /exp;

estimate 'Persons in households with household income
01 /exp;

$24,999" int 1 HHLDINCO 0

/* sex univariate */

title 'Poisson: Sex - Univariate';

proc genmod data=work.PoissonRegression;

class SEX3;

model  ORORN nQuests = SEX3 / offset=StatCanWeightedStrataCount link=log
oisson pscale type:

1smeans SEX3 /CL;
estimate 'Female' int 1 SEX3 1 0 /exp;

estimate 'Male' int 1 SEX3 0 1 /exp;

/+ Age univariate */

title ‘Poisson: Age - Univariate';

proc genmod data=work.PoissonRegression;
class AGES;

model  ORORN nQuests = AGES / offset=StatCanWeightedStratacount link=log
poisson pscale type3;

1smeans AGES /CL;
estimate '20-39 years' int 1 AGES 1 0 0 /exp;
estimate '40-59 years' int 1 AGES 0 1 0 /exp;

estimate '60 years and over' int 1 AGES 0 0 1 /exp;

/* Full Model +/
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title 'Poisson: Multivariate Model';

proc genmod dat.

ork.PoissonRegression;

class AGES(ref='60 years and over') SEX3(ref='Male') HHLDINCO(ref='Persons in households
with household income $50,000 and over') SCHOOLIN(ref='Some or completed university
certificates or degrees') /PARAM-re:

model ORORN nQuests = AGES SEX3 HHLDINCO SCHOOLIN / offset=StatCanWeightedStrataCount
ist=poisson pscale type3;

run;

proc genmod data:

ork.PoissonRegression;
class AGES SEX3 HHLDINCO SCHOOLIN;

model ORORN_nQuests GES SEX3 HHLDINCO SCHOOLIN /
Link=log pscale type3;

Lsmeans AGES SEX3 HHLDINCO SCHOOLIN /CL;

estimate 'Some or completed trade or college' int 1 SCHOOLIN 10 0 0 /exp;

estimate 'Some or completed university certificates or degrees' int 1 SCHOOLIN 0 1
00 /exp;

estimate 'High school graduation certificate' int 1 SCHOOLIN 0 0 1 0 /exp;

estimate 'Without high school graduation certificate' int 1 SCHOOLIN 0 0 0 1 /exp;

estimate ‘Persons in households with household income $25,000 to 49,999 int 1
HHLDINCO 1 0 0 /exp;

estimate ‘Persons in households with household income $50,000 and over' int 1
HHLDINCO 0 1 0 /exp;

estimate 'Persons in households with household income
01 Jexp;

$24,999" int 1 HHLDINCO 0

estimate 'Female' int 1 SEX3 1 0 /exp;

estimate 'Male' int 1 SEX3 0 1 /exp;

estimate '20-39 years' int 1 AGES 1 0 0 /ex

estimate '40-59 years' int 1 AGES 0 1 0 /exp;
estimate '60 years and over' int 1 AGES 0 0 1 /exp;

run;

ods pdf close;
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7.5 Appendix V: SAS output for Manuscript 111

7.5.1 Poisson: Educational Attainment - Univariate - Age and Sex Controlled

Crteia For Assessing Goodness
OfFit

Criterion oF Valve ValuelDF
Deviance 4078 31079729 07621
Scaled Deviance 4078 15238327 03737
Pearson Chi-Square. 4078 83173918 203
Scaled Pearson X2 4078 40780000 10000
Log Likelinood 960 0695

Ful Log Likelhood 1346975

ALC (smallr i beter) 2283.3951

AICC (smaler s bettr) 2834225

BIC (smallr i better) 2327 6006

Analyss Of Maximum
Lielt Parameter
Estimates
Parameter DF Estmate Standard  Wad  95% Wad Chi- Pr>ChiSq
Ermor Confidence Square.
Linits
Intercept 11277 0129 10608 1545 11530 <0001
SCHOOLN Some or compleled 1 08453 01335 0383 09069 233 <0001
trade orcollege
SCHOOLIN High school 1 10078 0M50 07235 1200 4829 <0001
graduation certcate:
SCHOOLN Wibout high school 1 04125 01551 01086 07165 708 00078
graduation certicate ;
AGES 2039 years 10429 00661 0303 os6d 4287 <0001
AGES 4059 years 100188 0069 01556 01180 007 07879
SEX3 Female 103007 0076 02095 03059 4051 <0001
Scale 0 1481 00000 14281 14281
IR Statisics For Type 3 l
Analysis
e Num OF DenOF F PO>F - Chie Pr>Chisq
Value Square
SCHOOLIN 3 4078 1810 <0001 5430 <0001
AGES 2 478 250 <001 499 <0001
SEX3 1 4078 4266 <0001 4266 <0001
Model Information T
Data Set WORK POISSONREGRESSION
Distibution Posson
Link Function 09
Dependent Variable: ORORN_nQuests ORORN Straa Count
Ofiet Variable StatCanieightedStralaCount Lo of weight factor or offset




Squares
Means
Effect SCHOOLIN Estimale Standad DF  Chi-  Pr>Chisq Apha
Emor Square
Mean  LBeta
Limits
SCHOOLIN me or compleled 69797 19430 00821 1 5030 <0001 005 17821 21039
trade or colege:
SCHOOLIN  Some or completed 36607 12977 01209 1 1530 <0001 005 10608 1545
universy certfcales
SCHOOLN  High school 100286 23054 00977 1 S5700 <0001 005 2140 2499
graduation ertcate
SCHOOLIN  Wihout high school 55299 17102 01014 1 2452 <0001 005 15115 19089
7.5.2 son: Houschold Income - Univariate - Age and Sex Controlled
Crleria For Assessing Goodrness OFFiL | |
Ciiterion DF  Valve ValuelDF
Deviance 4079 2678520 06567
Scaled Deviance 4079 15669997 03842
Pearson Chi-Square: 4079 6972365 17093
Scaled Pearson X2 4079 40790000 10000
Log Likeinood 10199363
FullLog Likeihood 12283026
AIC (smaller i beter) 24686052
AICC (smaller s beter) 24686258
25064957
Anaysis O Waxmum I |
Likelhood  Parameter
Estimates
Parameter DF Estmote Standard  Weld  95% Wald Chi- Pr>ChiSq
Emor Confidence  Square
Limis
Interce 1o09M1 00872 07431 10850 10984 <0001
HHLDINCO Persons inhouseholds wih 1 14184 01040 12147 16222 18618 <0001
household income $25,000
49,999
HHLDINCO Persons inbouseholds with 1 16835 01072 14734 18006 2663 <0001
household =
524,999
AGES 2039 years 104933 0056 04785 06081 7095 <0001
AGES 4059 years 10020 00641 00464 077 120 00073
SEX3 Female 102663 0043 01608 017 W <0001
Scale 01307400000 13074 13074
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LR Statisis For Type 3 |
Anaysis

Num DF DenDF F Pr>F  Chi Pr>Chisg
Valve Square
HHLDINCO 2 a7 19802 <0001 31603 <0001
AGES 2 4079 4969 <0001 9938 <0001
sexs 1 4079 3906 <000 3906 <0001
‘Model Informaton T
Data Set WORK POISSONREGRESSION
Distibuton Poisson
Link Function Log
Dependent Variable ORORN nQuests ORORN Strata Count
Ofset Varable: StalCanWeightedStiaaCount  Log of weight factor o ofset
varable
Least
Squares
Means
Effect HHLDINCO Esimale Sndad  OF  Chi-  Pr>ChiSq Apha
Emor Square
Mean  LBeta Confidence
Limis

HHLDINCO  Persons in 103035 2325 00721 1 10476 <0001 005 21912 24737

househalds i

usehold _ income.

$25,0001049.999
HHLDINCO  Persons 24945 091 00872 1 10984 <0001 005 07431 10850

households i

usehold  income.

$50,000 and over
HHLDINCO  Persons in 134316 25976 0075 1 1793 <0001 005 24494 27459

households  with
household income <=
24999

son: Sex — Univariate

Citera For Assessing Goodness O Fi | T T
Crierion oF

Vave  ValuelDF
Deviance 4083 3130685 08117
Scaled Deviance 4083 15765383 03661
Pearson ChiSauare 4083 85827024 21021
Scaled Pearson X2 4083 40830000 1.0000
Log Likeinood 980539
FullLog Lkeiood 1149 9683
AIC (smaler s beter) 23039365
AICC (smalerisbeter) 23039395
BIC (smalleris beter 2316 5667




‘Analysis Of Maximum Likelinood
imates

Parameer Estimats
Parameter OF Estmate Standard  Wald 9% Wad Chi- Pr>Chisq
Error Confidence Limits Square.
Intercept 101651 00785 15012 18090 aaz <000
SEX3 Female 1 05964 00965 04073 07854 121 <0001
SEX3 Mae 0 00000 00000 00000 00000
Scale 0 14498 00000 14498 14498
(R Statisics For Type 3 |
ysis
Source Num DF DenOF F ProF - Chi Pr>Chisg
Valve Square
1 4083 023 <0001 4023 <0001

SEX3
Model Information T

Data Set WORK POISSONREGRESSION
Distibution Poisson
Link Function Log
Dependent Variable: ORORN_nQuests ORORN Strata Count
Offset Variable: StalCanWeightedStrataCount  Log of weight factor or ofset

varible
Least Squnxl I | |
Means
Efect SEXS  Estmate Stndad  OF  Chi- Pr>Chisq  Alpha

Square
Mean  LBeta e
Limits

SEX3 Female 95013 22514 00561 1 16132 <0001 005 21416 23613
e Mae 5234 16551 007851 4437 <0001 005 15012 18090
7.5.4  Poisson: Age — Univariate
Ciitera For Assessing Goodness OFFi | | T
Crierion OF  Valve ValvelDF
Deviance 4082 307505 08103
Scaled Deviance a0 15314733 03751
Pearson Chi-Square 4082 88176163 21601
Scaled Pearson X2 4082 40820000 10000
Log Likelihood 9526819
FullLog Likeihood 11175648
AIC (smalle is better) 241,129
AICC (smaler is better) 2411355
BIC (smalle i better) 20600748




‘Analysis Of Maximum Likelihood | |
Parameter Estimates

OF  Estmate Stndad  Wald 95% Wad Chi Pr>Chisq

Eror Confidence Limits ~ Square
Intercept 1 otams 012 12309 17343 1330 <0001
AGES N39years 1 08174 01431 05368 10079 261 <0001
AGES 40s9yeas 1 03B 01512 01019 06045 691 00084
AGES 6 yeas 0 00000 00000 00000 00000

and over
Scale 1467 00000 14607 14607
TR Statistcs For Type 3 Analyss | T T T T T 1
Source MmODF  DenDF FVae Pr>F  ChiSquare  Pr>Chisq
AGES 2 08 207 <00 4213 <000t
Least Squares | |
Means
Efect AGES Esimale  Standad  OF  Chi- Pr>Chisq  Alpha
Ermor Square
Mean  LUBeta Confidence
Linits

AGES W39years 99739 23000 00632 1 13224 <0001 005 21760 2423
AGES 4059years 65590 18808 o078 1 517 <0001 005 17204 20073
AGES 0yearsand 44044 14626 01284 1 13330 <0001 005 12309 17343
7.55 son: Multivariate Model
Critera For Assessing Goodness OfFIt | | T
terion OF  Vae ValvelDF
Deviance 076 25765030 06321
Scaled Deviance 076 7417815 04273
Pearson Chi-Square: 076 60295698 14793
Scaled Pearson X2 4076 40760000 10000
Log Likelivood 1144.0958
FullLog Likeinood 1384.8655
AIC (smaller s beter) 27877309
AICC (smalleris better) 287.7751
BIC (smalleris beter) 2644 5666




Analysss Of Maximum
Likeliood  Parameter
Estimates

Parameter DF  Estimate Standard ~ Wald 95% Wald Chi-  Pr>ChiSq
Ermor Confidence Square:
Limts
Intercept 1 02855 01702 06189 0.0480 28 0.0934
AGES 20-39 years. 1 1.0590 01235 08170 13010 7356 <0001
AGES 40-59 years 1 0.7435 01284 04919 09951 3355 <0001
s Female 1 0sis 00812 03504 06777 4078 <0001
HHLDINCO Persons in households with 1 14011 00972 12107 15916 20790 <0001
household income $25,000
1049,999
HHLDINGO Persons n households wih 1 17075 01008 15100 10051 2699 <0001
househod income <=
$24.999
SCHOOLN Some or complted tode 1 059 0140 02814 oms 1961 <0001
orcolege
SCHOOLIN Hgh school graduaon 1 0BMA 0120 05916 w2 ass <o
certificate.
SCHOOLIN high school 1 00383 01335 02264 0xn oo 07913
graduation crticae
Scale 0 12163 0.0000 12163 12163
(R Stalistcs For Type 3 |
Anaysis
Num DF DenDF F Pr>F  Chi Pr>Chisq
Value Square.
AGES 2 4076 4335 <0001 8669 <0001
s 1 076 4268 <0001 4268 <0001
HHLDINCO 2 4076 17961 <0001 35921 <0001
SCHOOLIN 3 4076 297 <0001 _68.90 <0001
Mode! Information |
Data Set WORK POISSONREGRESSION
Distrbution Poisson
Link Function
Dependent Variatle (ORN nQuests ORORN Strata Count
Ofiset Variable StatCanWeightedSirataCount

Log of weigh factor o offset
varable




Squares
Means
Effect AGES  SEX3  HHLDINCO SCHOOUN  Esimale Standad OF  Ch-  Pr>ChiSq
Eror Square
Mean  LBeta
AGES 239 1164 24126 00564 1 18276 <0001
years
AGES 059 8M® 20072 00688 1 Q016 <0001
years
AGES 0 3T A3y 0T 1 1468 <0001
years
and
over
SEX3 Female 91501 22138 005465 1 7 <0001
SEX3 ale s479 1692 00724 1 5815 <0001
HHLDINCO Pesons in 101697 23194 00687 1 185 <0001
households. with
household
income_$25,000
1049999
HHLDINCO in 25050 09183 00817 1 12623 <0001
households. with
hold
income $50,000
and over
HHLDINCO esons  in 1315 26288 00723 1 18180 <0001
households wilh
household
income <=
524,999
SCHOOLIN Some 8205 21157 00700 1 91343 <000t
completed
rade o college
SCHOOLIN o 50071 16108 01033 1 2328 <0001
mpleted
universiy
cettcates or
degrees
SCHOOLIN Hgh school 11534 24452 00836 1 85581 <0001
graduation
cetticate
SCHOOLIN Witod hgh 51671 16462 00879 1 B00 <0001
school
graduation
certcate
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