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ABSTRACT

To better characterize the burden of food allergy in Canada, this thesis: 1) provides prevalence
estimates for common food allergies among those of low education, low income, new Canadians,
and those of Aboriginal identity (vulnerable populations), 2) investigates prescription and
availability of the epinephrine auto-injector (EAI) among these populations, and 3) explores the

effect of non-response bias on the prevalence of allergy to any food.

Using 2006 Canadian Census data, postal codes with high proportions of vulnerable populations
were identified and households within these postal code areas randomly selected to participate in
a telephone survey. Information on food allergies, prescription and availability of the EAI, and
demographics, were collected. Prevalence estimates were weighted using Census data to account
for the targeted sampling. Multivariable logistic regression was used to identify predictors of
food allergy, and prescription and availability of the EAI. Multiple imputation was used to

generate non-response bias adjusted prevalence estimates.

Of the 12,762 eligible households, 5,734 households (15,022 individuals) completed the food
allergy prevalence questionnaire (45% response rate), 524 households completed the Refusal
Questionnaire (an additional 4%), and the remaining 6,504 households answered the telephone
but refused to provide any information. An additional 3,224 households were never reached.
Food allergy was less common among adults without post-secondary education and new
Canadians. There were no differences according to income or Aboriginal identity. In the non-
response bias analyses, nine estimates were obtained for the perceived prevalence of allergy to

any food, all of which were lower than the prevalence of food allergy among full participants. In
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the multivariate model for prescription of the EAI, higher education was associated with being
more likely to be prescribed an EAI. There were no differences in terms of availability of the

EAL.

Our data suggest that certain groups of vulnerable Canadians self-report fewer allergies and EAI

prescriptions, which may be real and/or a result of lack of appropriate healthcare or awareness of
allergies. This suggests important policy gaps that must be addressed to ensure equal opportunity
for all Canadians to seek and receive healthcare. The non-response bias analysis highlights the

importance of minimizing non-response bias and considering it when performing data analysis.
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RESUME

Pour mieux comprendre la charge des allergies alimentaires au Canada, cette these : 1) fourni des
estimations de la prévalence des allergies aux aliments communs parmi ceux avec un faible
niveau d’éducation, un revenu en bas de la moyenne, des immigrants qui sont arrivés au Canada
dans les derniers dix ans, et ceux qui s’identifient comme ayant une identité autochtone (les
populations vulnérables), 2) étudie la préscription et la disponibilité de 1’autoinjecteur
d’épinephrine (AIE) parmi ces populations, et 3) explore I’effet des bias causés par un taux de

réponse bas sur la prévalence des allergies alimentaires.

Nous avons utilisés les donnés du recensement canadien de 1’an 2006 pour pouvoir identifier les
codes postaux avec les proportions de populations vulnérables les plus hautes. Des maisons
parmi ces codes postaux ont été sélectionnées en facon aléatoire pour participer a un sondage
téléphonique. Des informations sur les allergies alimentaires, la prescription et la disponibilité de
I’AIE, et les démographiques, ont été receuillies. Pour ceux qui ont refusés de participer au
sondage complet, un questionnaire de refus tres court a été administrer, qui a évalué si les
membres de la famille avaient des allergies alimentaires. Des estimations de la prévalence des
allergies alimentaires ont été adjuster en utilisant les donnés du recensement canadien pour
prendre en consideration 1’échantillonnage ciblé. La regression logistique multivariable a été
utilisé pour identifier les prédicteurs des allergies alimentaires, de la prescription et de la
disponibilité de I’AIE. L’imputation multiple a été utilisée pour générer des estimations de

prévalences ajustées pour le bias causés par un taux de réponse bas.
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Des 12,762 maisons éligibles, 5,734 maisons (15,022 individus) ont complétés le questionnaire
(taux de réponse de 45%), 524 maisons ont completes le questionnaire de refus (un 4%
additionnelle), et les 6,504 maisons qui restent ont répondus au téléphone mais ont refusés de
répondre aux questions. 3,224 maisons additionnelles n’ont jamais répondu au téléphone. Parmi
ceux qui ont complétés le questionnaire, la prévalence d’allergies auto-évalué non-ajusté était de
6.4%, et avec I’ajustement, 7.5%. Les allergies alimentaires étaient moins communes chez les
adultes sans éducation post-secondaire et les nouveaux immigrants. Il n’y avait aucune
différence en ce qui concerne le revenue ni I’identité autochtone. Pour I’analyse du bias causés
par un taux de réponse bas, neuf estimations ont été obtenus pour la prévalence auto-évaluée,
allant de 3.0% a 5.4%. En ce qui concerne 1’analyse multivariable pour la prescription de I’AIE,
ceux ayant une éducation plus élevé ont une chance plus élevés d’avoir été prescrit I’AIE. Il n’y

avait aucune différence en ce qui concerne la disponibilité de I’ AIE.

Notre étude suggere que certains groupes vulnérables au Canada auto-évalue moins d’allergies
alimentaires et de prescriptions pour I’AIE, qui pourrait étre une observation réele ou qui
pourrait étre causé par un mangque de services de santé ou un manque d’éducation pour les
allergies alimentaires. Cela suggere des lacunes dans le systeme politique qui doivent étre
addréssées pour que tout les canadiens aient la méme opportunité pour chercher et recevoir des
soins de santé. En étant que la prévalence non-ajustée parmi les participants qui ont completes le
questionnaire était plus élevé que tout les estimations ajustées, c’est evident que le taux de
réponse peux causer un bias important dans ’estimation de la prévalence des allergies
alimentaires, et que nous devrions prendre soin de ne pas ignorer ce bias. Notre projet souligne

I’imprtance de maximiser le taux de réponse durant la phase conception de 1’étude, et en méme
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temps, c’est important de reconnaitre que le bias est probablement encore présent et devrait étre

considéré dans 1’analyse des données.
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ABBREVIATIONS

CI: confidence interval

Crl: credible interval

CT: census tract

DBPCFC: double-blind, placebo-controlled food challenge

EAI: epinephrine auto-injector

FAPQ: food allergy prevalence questionnaire

FP: Full Participants

LICO: low income cut-off

NP: Non-Participants

NRP: Never-Reached Participants

OR: odds ratio

RQ: Refusal Questionnaire

RQP: Refusal Questionnaire Participants

SCAAALAR: Surveying Canadians to Assess the Prevalence of Common Food Allergies and
Attitudes towards Food Labelling and Risk

SPAACE: Surveying Prevalence of food Allergy in All Canadian Environments

SPT: skin prick test
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STATEMENT OF ORIGINALITY

This thesis presents original work on the prevalence of food allergy, prescription and availability
of the epinephrine auto-injector, and the impact of non-response bias on the prevalence of food
allergy, in a telephone survey specifically targeting those of low education, low income, new
Canadians, and those of Aboriginal identity (vulnerable populations). First, while the prevalence
of food allergy in Canada was previously estimated by our group, this is the first study to
specifically target vulnerable populations of Canadians to estimate food allergy prevalence in
these groups and to compare vulnerable with non-vulnerable populations. We also present
prevalence estimates for probable food allergy for milk, egg, wheat, and soy in the current study,
whereas our previous study only estimated self-reported (perceived) prevalence. In addition, this
is the first study on food allergy to explore the role of non-response bias on prevalence estimates,
using Bayesian methodology and making various about the magnitude and direction of such bias
to see the effect of different assumptions about prevalence. Finally, although we have previously
estimated the proportion of food-allergic Canadians with the epinephrine auto-injector (EAI), the
current study queried specifically on prescription and availability of the EAI and examined

differences between vulnerable and non-vulnerable populations.
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I: INTRODUCTION AND OBJECTIVES

Introduction

The prevalence of food allergy

Food allergy has become a topic of increasing interest in today’s society because of its unknown
aetiology, unpredictable progression, difficult diagnosis, and potentially devastating
consequences on the quality of life of affected individuals.* Estimates of the prevalence of food
allergy vary from 3% to 35%, depending on the population and geographic area surveyed, and

the study methodology used.?

Individuals with self-reported (perceived) food allergy are often found not to have true IgE-
mediated food allergy after complete evaluation by an allergist; their signs and symptoms after
ingesting the suspected allergen are not typical or do not occur in the appropriate time frame, or
food-specific IgE cannot be demonstrated with appropriate diagnostic testing. Rona found that
the overall prevalence of food allergy decreased when confirmatory tests were used to diagnose
food allergy; estimates based on food challenges (1% to 10.8%) were generally lower than those
based on Skin Prick Test (SPT) or IgE blood test (2% to 5%), but there was still inconsistency in

the prevalence of allergy across studies.?

In assessing the prevalence of food allergy at a national level, it is clearly much more
challenging to pose multiple questions which attempt to characterize the symptoms, time course,

and treatment of possible allergic reactions and to seek results of confirmatory testing than to
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pose a single question about the presence or absence of food allergy. Hence, there are only a few
population-based studies on prevalence that have attempted to more fully describe adverse
reactions to food. Sicherer in the United States®® and our group in Canada’*® are the only groups
in North America who attempted to characterize food allergy by asking detailed questions about
symptoms, diagnosis, and treatment of food-allergic reactions. Our previous nationwide
Canadian study (SCAAALAR: Surveying Canadians to Assess the prevalence of common food
Allergies and Attitudes towards food LAbelling and Risk) estimated the perceived prevalence of
allergy to all nine common allergens (peanut, tree nut, fish, shellfish, sesame, milk, egg, wheat,
and soy) and allergy to any food.” This study did not collect probable allergy (see Appendix A)
information on all of the nine common food allergens-it excluded milk, egg, wheat, and soy to

reduce the length of the survey.

Prevalence of food allergy among vulnerable populations

It is hypothesized that those of low socioeconomic status (SES), new Canadians (immigrating to
Canada in the last 10 years), and individuals of Aboriginal identity, hereafter termed vulnerable
populations, experience fewer food allergies (see Appendix A). These populations are
considered ‘vulnerable’ because they are more likely to experience issues accessing adequate

healthcare services.® This is possibly explained by differences in environmental exposures™®

and diet, ** 3 as well as by issues with access to education and healthcare for food allergy.***®

However, there is very little data to support these hypotheses.
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In SCAAALAR, participants were predominantly those of high SES and born in Canada.’
Although these groups were found to have the highest prevalence of food allergy overall,® and
for specific foods,” it is possible that this finding is a result of the non-response bias inherent in
telephone surveys, whereby those with food allergy are more likely to participate in the survey,
and those who participate in the survey are also more likely to be of high SES and Canadian-

born.

It is therefore important to gather further information on the prevalence of food allergy among
vulnerable populations in which these groups are specifically targeted. However, collecting
information on vulnerable populations using a targeted sampling strategy via telephone survey is
unlikely to solve the problem of non-response bias, and hence, statistical techniques to adjust for

such bias must also be considered.

Prescription and availability of the Epinephrine Auto-injector

Since there is no widely accepted cure for food allergy, the only way to prevent an allergic
reaction is to avoid the known allergen. Avoidance is often difficult because of unclear or absent
precautionary statements on packaged foods,'® and accidental exposures continue to occur even
if the patient takes all the necessary precautions.'® Patients must therefore rely on effective
treatment in the case of an accidental exposure. This involves the prompt administration of
epinephrine as soon as symptoms appear or exposure to the known allergen is suspected.?® %

Since the majority of allergic reactions occur outside the hospital, allergists recommend that all

individuals with a history of anaphylaxis, a severe allergic reaction, carry an epinephrine auto-
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injector (EAI).?*° However, even with specific guidelines from allergists, the EAI is still under-

prescribed by physicians,® and, in cases where it is prescribed, the patient may not carry it*" >

or may not know how or when to use it.**%

The SCAAALAR study found that only 55% of Canadians diagnosed with peanut, tree nut, fish,
shellfish and/or sesame allergy self-reported having an epinephrine auto-injector (EAI), and
adults, males, and those residing in households where the respondent was single were less likely
to have one.*® Vulnerable populations are thought to be even less likely to be prescribed and
carry the EAI due to lower accessibility to a regular healthcare provider, greater use of
alternative healthcare, and limited access to employee health benefits due to lower employment
rates.*® *** However, as was previously mentioned, SCAAALAR did not adequately represent
the vulnerable populations, so we could not make conclusions about differences in prescribing
patterns. Further, that study did not query patients on actual availability of the EAI (see

Appendix A).

Objectives

To better characterize the burden of food allergy in Canada, the specific objectives of this thesis
are:
1) To estimate the prevalence of perceived and probable allergy to peanut, tree nut, fish,
shellfish, sesame, milk, egg, wheat, and soy, and allergy to any food, among vulnerable
populations and compare with the prevalence in non-vulnerable populations.

2) To explore the effect of non-response bias on the prevalence of allergy to any food, and
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3) To investigate prescription and availability of the epinephrine auto-injector among

vulnerable populations.

This thesis will contain eight chapters, including the current one. Chapter 2 will review the
literature on the prevalence of food allergy among vulnerable populations. Chapter 3 includes a
manuscript responding to Objective 1. Chapter 4 will discuss non-response bias and various
techniques to reduce and adjust for it. Chapter 5 presents a paper that addresses Objective 2.
Chapter 6 reviews the literature on prescription and availability of the epinephrine auto-injector.
Chapter 7 presents a paper responding to Objective 3. Finally, Chapter 8 will provide a summary

and final conclusions.



Lianne Soller 260183842 23

Il: LITERATURE REVIEW-PREVALENCE AND PREDICTORS OF FOOD ALLERGY

AMONG VULNERABLE POPULATIONS IN CANADA

Introduction

Food allergy has become an increasingly important condition in western society due to its
unpredictable nature and the need for extreme dietary vigilance, both of which can substantially
compromise the quality of life of affected individuals and their families.™ ** Although immune
modulatory therapies appear promising, these likely will not induce long term tolerance,** and
food allergy will remain largely incurable. Those affected must rely on strict avoidance of the
offending food and rescue therapy with epinephrine. Although allergic reactions to a large
variety of foods have been reported,* the majority of reactions in North America are caused by

nine main allergens: peanut, tree nut, fish, shellfish, sesame, milk, egg, wheat, and soy.* "8 444

Definition of food allergy

Food allergy is an adverse reaction arising from a specific immune response that occurs
reproducibly upon exposure to a food.** A food allergen is defined as the specific component of
a food or an ingredient in the food (usually a protein) that elicits the allergic reaction.*® Allergic
reactions to food can be either IgE-mediated or non-IgE-mediated, but only IgE-mediate will be
considered in this thesis.*” Symptoms of an IgE-mediated allergic reaction involve several organ
systems including the skin (pruritis, urticaria, erythema, angioedema), eyes (pruritis, edema),
respiratory tract (nasal congestion, rhinorrhea, sneezing, cough, chest tightness, wheezing), oral
cavity (angioedema of the palate, lips and tongue), gastrointestinal tract (nausea, abdominal pain,

reflux, diarrhea, vomiting) and cardiovascular system (tachycardia, hypotension, dizziness,
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fainting, loss of consciousness).* Symptoms of an allergic reaction almost always occur within a
few minutes to a few hours after ingestion of the allergenic food.** The exact mechanism of food
allergy is still unknown, although several hypotheses exist including the nature of the food

allergens and the interplay of genetic and environmental factors.*® %

Overall prevalence of food allergy

Several studies have presented widely varying estimates of the overall prevalence of food
allergy. The first systematic review to summarize the literature on this topic found estimates of
self-reported food allergy ranging from 3% to 35%.? The authors note that there were a variety of
potential reasons for the discrepancy in prevalence estimates across studies including the
population and geographic area surveyed, and the study methodology. In an attempt to estimate
the prevalence of food allergy in a more homogeneous population, researchers synthesized the
literature from European prevalence studies only. Although prevalence estimates were even more
discrepant than the first review (range: 1.6% to 38.1%), in general, children self-reported more
food allergies than adults, and the prevalence was highest in Northwestern European countries
and lowest in Southern Europe.*® Although it is unclear why such differences were observed, a
recent European study found country-specific differences in a wide range of factors that are
hypothesized to play a role in the development of food allergy: allergic family history, obstetrical
practices, and environmental exposures.® North American studies are more consistent in their
results, with two groups from the United States and our group from Canada reporting estimates

between 8% and 9%.% °* 3
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Prevalence of food allergy among vulnerable populations

As we have seen in the previous section, there is a wide discrepancy in estimates of food allergy
prevalence among the general population, particularly outside of North America. As anticipated,
the situation is similar for estimates of food allergy prevalence in vulnerable populations - those
of low education, low income, new Canadians (immigrating to Canada in the last 10 years), and
individuals of Aboriginal identity. These populations are considered ‘vulnerable’ because they
are more likely to experience issues accessing adequate healthcare services.® It is therefore of
utmost importance to estimate the burden of food allergy among these populations. Researchers
have attempted to do so, but existing studies are limited in that the majority focus only on
children, do not collect data on specific food allergies, and/or do not employ an appropriate
targeting strategy to ensure that an adequate sample of these vulnerable groups, who are
particularly difficult to reach, are included. °*° These limitations make it difficult to form any
definitive conclusions about how the prevalence of food allergy in these vulnerable groups

compares with that in the non-vulnerable populations.

Prevalence of food allergy according to socioeconomic status

Data exist comparing the prevalence of food allergy in different socioeconomic (SES) groups,
but they are incomplete. Pawlinska-Chmara found a higher prevalence of food allergy in Polish
children whose parents reported high SES compared to those reporting low SES [10.4% (95%
Cl, 7.0%, 14.7%) versus 2.2% (95% CI, 0.8%, 4.8%)].>* In the United States, Gupta found that
children from households with a higher income had a higher odds of having food allergy than
those with a lower income [OR: 2.0 (95% ClI, 1.4, 2.5)]> and a recent report from the United

States National Center for Health Statistics found that childhood food allergy prevalence



Lianne Soller 260183842 26

increased with increasing income level (4.0% among children with family income less than
100% of the poverty level, 5.0% among children with family income between 100% and 200%
of the poverty level, and 5.4% among children with family income above 200% of the poverty
level).%° These studies are limited in that they only collected data on children, employed an

53,60 and used

ambiguous definition of socioeconomic status,>* did not collect data on education,
an unconventional definition of food allergy that does not differentiate between anaphylactic

allergies and gastrointestinal intolerance and only considers food allergies in the past year.®

One American study estimated the prevalence of food allergy among adults, and found a higher
prevalence in adults of higher education compared to those with lower education [7.4% (95% ClI,
6.7%, 8.2%) versus 3.1% (95% ClI, 2.6%, 3.6%)].% This study did not collect information on
income. In addition, the study is more than a decade old, and warrants an update to determine
whether the differential based on educational attainment is still present, more pronounced, or if it

has decreased.

A study in the United Kingdom (UK) found that peanut allergy was more prevalent among adults
and children of higher SES, but the study sample only included those registered with a family
practitioner, and is hence not representative of the general population in the UK.®* Another

limitation is that this study only collected data on peanut allergy.

Our group in Canada has shown that those residing in a household where the primary respondent
had a post-secondary education, compared with those who did not, had a higher odds of

reporting food allergy overall [OR: 1.24 (95% Cl, 1.03, 1.51)],2 and of reporting tree nut allergy
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[OR 1.90 (95% Cl, 1.18, 3.04)].}" No differences were observed according to household income.
However, this study did not specifically target those of lower education or income, and hence,
with such a small sample of individuals in these two groups, it is difficult to make conclusions
about differences in prevalence according to education or income. Another limitation is that
educational attainment was collected from the primary respondent and not from all adults in the

household.

The Surveying Prevalence of food Allergy in All Canadian Environments (SPAACE) study,
which forms the basis for this thesis, targeted vulnerable populations specifically, to estimate the
prevalence of food allergy in these groups. In addition, SPAACE collected data on the level of
education for all adults in the household, thereby allowing for the calculation of individual-level
prevalence estimates according to education level. Data on household income was also collected

to enable a comparison of food allergy prevalence according to income level.

There are several hypotheses as to why those of higher SES may have more food allergies. One
reason is that highly educated and wealthier parents may have been more likely to follow the
guidelines from the American Academy of Pediatrics which, until recently, recommended
restriction of allergenic foods during pregnancy, lactation, and in infancy.®? It is now thought that
delayed introduction may actually increase, rather than decrease, the likelihood of developing

food allergy.*?

The higher prevalence of allergic disease in those of higher SES may also be explained by a

phenomenon known as the hygiene hypothesis. The idea is that individuals of higher
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socioeconomic status are exposed to fewer bacterial infections, which causes a skewing of the
immune response away from Thl, the immune cells that fight infection, towards Th2, which

leads to an increase in allergy.®

In addition, it has been shown that individuals of higher SES are more likely to seek medical
attention for their ailments, and hence may be more likely to obtain a physician diagnosis of food
allergy than those of lower SES, thereby causing an artificially inflated prevalence of food
allergy in this group. They may also have better access to family doctors than those of lower

education or income.*

Prevalence of food allergy according to country of birth

Peanut allergy has been reported to be less common in Asian children (0.43% and 0.64%) ®* ©
than in Canadian (1.8%), American (0.9% to 2%), and British (1.2% to 1.8%) children; the
prevalence is 1.8% in Canada,’ 0.9% to 2.0% in the United States,* °* ®® and between 1.2% and
1.8% in the UK.®"® The Asian study found a higher prevalence of food allergy among children
of expatriates born in western countries compared with children born in Singapore and the
Philippines.®* Although it appears that children born in westernized countries have a higher
prevalence of food allergy, the study populations were not selected in the same way and the ages
of children differed between studies, precluding any definitive conclusions about differences in
prevalence according to country. The Asian study collected data using a structured written
questionnaire that was administered to local and expatriate school children in Singapore (4-6 and

14-16 years old) and the Philippines (14-16 years old),** while the Canadian and American

studies randomly selected households and administered telephone surveys asking about children
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of all ages.* " 3% One study in the UK conducted face-to-face interviews with mothers of
primary school-aged children,®” and the other UK study collected data using a combination of
medical records of children 4 years of age at one allergy centre on the Isle of Wight, and where

data were missing from the medical records, physicians interviewed mothers.®®

A recent population-based study from the United States reported that foreign-born children had a
decreased odds of having food allergy than those born in the United States [OR: 0.48 (95% ClI,
0.38, 0.61)].>> A recent paper by our group at McGill suggests that food allergy may be less
common among immigrants to Canada compared with individuals born in Canada, although the
sufficient evidence for a difference was only available for shellfish allergy [OR: 0.49 (95% ClI,
0.26, 0.95)]." Unfortunately, this study did not collect individual-level data on immigrant status,
and the sample size of immigrants was quite small, making it difficult to draw definitive
conclusions regarding differences in prevalence between immigrants and Canadian-born

individuals.

These studies seem to support the hypothesis that individuals born in western countries have a
higher prevalence of food allergy than those born in other countries, no matter what their country
of residence. However, these studies are limited in that they collect data only among children,>®
55, 64, 67, 68 4 . . . . .
only collected data on a few allergens™ and/or do not collect immigration information
for all family members.*” In addition, there is no data that estimates prevalence according to
number of years since immigration. The SPAACE study bridges the gaps identified in the

previous paragraphs; specifically, data were collected, for individuals of all ages, on allergies to

all foods and on the number of years since immigration.
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Although some evidence supports that individuals born in westernized countries like Canada, the
United States, and the UK have a higher prevalence of food allergy than those born in other
countries, it is sparse and has limitations. There are a few hypotheses that seem to support such
claims. The “healthy immigrant effect” states that immigrants to westernized countries tend to
have a low prevalence of chronic conditions when they first arrive in their host country, and that
their health status converges to that of the host population with increasing time since

migration.®® ™ Data supporting this hypothesis with regards to food allergy are lacking, however.

Differences in dietary habits may partially explain the apparently higher prevalence of food
allergy among those born in westernized countries.” Individuals from western and non-western
countries introduce certain foods into the diet of their children at different ages,”* and age of
introduction of allergenic foods may determine whether or not an individual develops tolerance
or becomes sensitized to a food.”> " Alternative preparation of the allergenic food, such as
boiling peanuts, which is commonly done in many Asian countries, instead of roasting, as is the

74,75

norm in North America, reduces allergenicity, which may explain the higher prevalence of

peanut allergy in western-born individuals compared with those born in Asian countries.®*

Barriers to adequate health care may also be responsible for the apparent difference in prevalence
between those born in westernized countries versus other countries. For example, it has been
reported that recent immigrants to Canada lack family doctors and consequently do not have
access to appropriate diagnostic testing for possible food allergy.** An additional problem is

language and cultural barriers, which prevent physicians from conveying information about food
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allergies to new Canadians and hence, they may not appreciate that they have been diagnosed

with a food allergy.’

Prevalence of food allergy according to Aboriginal status

Population-based data on the prevalence of food allergy among Aboriginal people in Canada are
currently unavailable. A recent study showed that allergies and asthma are the second and third
most frequently reported health concerns among on-reserve First Nations and Inuit children in
Canada.®® The 2006 Aboriginal Peoples Survey (APS) estimated the prevalence of allergies
amongst Inuit children to be 10%,>’ and the Manitoba First Nations Regional Health Study of
2002/2003 found a prevalence of allergies of 8.8%. Similarly, “A Shared Vision” reports that
the rate of allergies in Aboriginal children (12.2%) is comparable to that of children in the
general population of Canada (16.4%),% but that they are less likely to receive treatment for their
allergy due to inadequate healthcare access.”” A recent study estimated that 4.3% of off-reserve
Canadian Aboriginal children were reported to have a food allergy, but this percentage decreased

to 2.8% when patients were asked if a doctor had diagnosed the allergy.*

Although it is possible that food allergy is less common among Aboriginal children compared
with the general population, the studies published are either not population-based, focus only on
children, and/or do not differentiate between food and other allergies.*®*® The SPAACE study is
the first population-based study to estimate the prevalence of all food allergies among

individuals reporting Aboriginal ancestry, regardless of age.
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Although there is a lack of complete information regarding prevalence of food allergy amongst
Aboriginal people, as we have seen in the previous paragraph, researchers have postulated that
the prevalence of food allergy may be lower than in non-Aboriginal people. Potential
explanations for a perception of lower prevalence include decreased access to healthcare on-

reserve and the consequent decreased access to diagnosis and treatment for food allergy.>” """

In addition, real differences in prevalence between Aboriginal and non-Aboriginal individuals
may exist. In Canada, on-reserve Aboriginal communities experience substandard housing
conditions and overcrowding due to a lack of municipal infrastructure.®® > In fact, 15% of First
Nations live in a crowded dwelling, compared to just 3% of the general population.®® The
hygiene hypothesis suggests that more siblings, early childhood infections, and poor sanitation
more generally may affect the development of allergic diseases such as food allergy.*® ** 359
Investigation into the relationship between intestinal bacteria and food allergy has found that the
presence of intestinal microbiota, caused by infections during infancy, plays an important role in

preventing the development of allergic disease.®" &

Differences in diet may also explain differences in food allergy prevalence between individuals
with and without Aboriginal ancestry. A recent study compared the traditional diet of Aboriginal
Australians, which consists of lean red meat, plenty of seafood, and a large variety of fruits and
vegetables, to the western diet of Australians, which consists of high levels of sugar and
saturated fats, and reduced access to fresh fruits and vegetables.*® This study found that asthma
and allergies were more prevalent in those who followed a western diet compared with those

who followed a more traditional diet, and suggested that a western diet may increase the
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likelihood of developing food allergy by decreasing the diversity of microbiota in the

gastrointestinal tract.”®

Summary

In this review, we have shown that food allergy is an important health concern. Obtaining
reliable and accurate data on the prevalence of food allergy is challenging, and particularly so
among vulnerable populations, who are less likely to receive appropriate healthcare for their
illnesses. Unfortunately, the current data are incomplete in that they are not population-based
and/or do not collect information about all food allergens or across all ages. To better
understand the burden of food allergy among vulnerable populations in Canada, the SPAACE
study used Census 2006 data to specifically target and survey randomly selected households
from areas across Canada with a high proportion of vulnerable populations. This sampling
strategy allowed us to have sufficient sample sizes to present valid comparisons between
prevalence estimates in vulnerable and non-vulnerable Canadians. In Chapter 111, data from
SPAACE on the prevalence of common food allergies and allergy to any food among vulnerable
populations, and a comparison between vulnerable and non-vulnerable populations, will be

presented in the form of a manuscript that was published in JACI: In Practice.
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I1l: PREVALENCE AND PREDICTORS OF FOOD ALLERGY IN CANADA: A FOCUS ON

VULNERABLE POPULATIONS

Lianne Soller, Moshe Ben-Shoshan, Daniel W. Harrington, Megan Knoll, Joseph Fragapane,
Lawrence Joseph, Yvan St. Pierre, Sebastien La Vieille, Kathi Wilson, Susan J. Elliott, and Ann

E. Clarke.

Abstract

Background

Studies suggest individuals of low education and/or income, new Canadians (immigrated <10
years ago), and individuals of Aboriginal identity may have fewer food allergies than the general
population. However, given the difficulty in recruiting such populations (hereafter referred to as
vulnerable populations), by using conventional survey methodologies, the prevalence of food

allergy among these populations in Canada has not been estimated.

Objectives

To estimate the prevalence of food allergy among vulnerable populations in Canada, to compare
with the non-vulnerable populations, and to identify demographic characteristics predictive of

food allergy.

Methods
By using 2006 Canadian Census data, postal codes with high proportions of vulnerable
populations were identified and households randomly selected to participate in a telephone

survey. Information on food allergies and demographics was collected. Prevalence estimates



Lianne Soller 260183842 35

were weighted by using Census data to account for the targeted sampling. Multivariable logistic

regression was used to identify predictors of food allergy.

Results

Of 12,762 households contacted, 5,734 households completed the questionnaire (45% response
rate). Food allergy was less common among adults without post-secondary education versus
those with post-secondary education [6.4% (95% ClI, 5.5%, 7.3%) versus 8.9% (95% CI, 7.7%,
10%)] and new Canadians versus those born in Canada [3.2% (95% Cl, 2.2%, 4.3%) versus
8.2% (7.4, 9.1)]. There was no difference in prevalence between those of low and high income or

those with and without Aboriginal identity.

Conclusions
Analysis of our data suggests that individuals of low education and new Canadians self-report
fewer allergies, which may be due to genetics, environment, lack of appropriate health care, or

lack of awareness of allergies, which reduces self-report.
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Introduction

Food allergy has become an increasingly important condition in western society due to its
unpredictable nature and the need for extreme dietary vigilance, both of which can substantially
compromise the quality of life of affected individuals and their families.** Although immune
modulatory therapies appear promising, these likely will not induce long term tolerance,** and
food allergy will remain largely incurable. Those affected must rely on strict avoidance of the
offending food and rescue therapy with epinephrine. In the United States, estimates of the
prevalence of self-reported food allergy range between 8.0% and 9.1%.%* > However, until

recently, the prevalence of food allergy in Canada was unknown.

From 2008 to 2009, our research team estimated that approximately 8% of Canadians self-report
at least 1 food allergy and that the prevalence differs across socioeconomic groups and
geographic regions (the SCAAALAR study: Surveying Canadians to Assess the prevalence of
food Allergy and Attitudes towards food LAbelling and Risk).® However, given that the data
were collected by using a large-scale telephone survey, it is not surprising that the resulting
sample under-represented important parts of the Canadian population, specifically those of low
education and low income, new Canadians, and individuals of Aboriginal. These 4 population
groups are hereafter referred to as vulnerable populations. Although others have attempted to
estimate the prevalence of food allergy in these vulnerable populations, existing studies are
limited in that the majority focus only on children, do not collect data on specific food allergies,
and/or do not use an appropriate targeting strategy to ensure an adequate sample of these

vulnerable groups, who are particularly difficult to reach, are included. °>°° 8 These limitations
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make it difficult to form any definitive conclusions about how the prevalence of food allergy in

these groups compares with that in the non-vulnerable populations.

The current study (SPAACE: Surveying Prevalence of food Allergy in All Canadian
Environments) attempts to bridge these gaps, by specifically targeting and evaluating prevalence
of specific food allergies in vulnerable populations of children and adults in all Canadian
provinces and territories, comparing vulnerable with non-vulnerable populations, and examining

potential socio-demographic determinants of food allergy.
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Methods

Selection of study population

Canadians of low income, new Canadians, and individuals of Aboriginal identity were
specifically targeted (see Appendix B for more details). Canadians of low education were not
targeted since it was anticipated that there would be substantial overlap between low income and
low education, and by targeting low income areas, those with low education would also be

targeted.®®

An individual is considered to be of Aboriginal identity if they report “Aboriginal” as their
cultural background, and identify with First Nations, Métis, or Inuit. New Canadians were those
who immigrated to Canada within 10 years of completion of the telephone survey. Adults having
completed less than a post-secondary degree, trade certificate, or diploma, were defined as being
of low education. This group included individuals who are 18 years or older only. Individuals
were considered to be low income if their household income was below the Low income cut-off
(LICO). The LICO is defined as an income level at which families or unattached individuals
spend at least 70% of before tax income on food, shelter and clothing, and is determined

according to family size and geographic location.®*

Using the 2006 Canadian census, the 100 census tracts (CTs) from within the census
metropolitan areas (CMAs)® containing either the highest proportion of households living under

the LICO (range: 41.5% to 91%) or the highest proportion of new Canadians (range: 31.9% to
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66%) were selected. Individuals of Aboriginal identity were selected in the same way using a

lower threshold of 15% (range: 15% to 94.6%), which resulted in a total of 66 CTs included.

These CTs were then converted to postal codes using the 2006 Statistics Canada postal code
conversion file (available via the Computing for Humanities and Social Sciences server at the
University of Toronto) and Info-Direct (a company that maintains the White Pages in Canada)
selected a random sample of household telephone numbers with accompanying mailing

addresses from these postal codes.

Due to this targeting strategy, CTs from the province of New Brunswick were not
proportionately represented, and those from Nova Scotia and Newfoundland and Labrador were
excluded, from the initial selection since they were not among the top 100 in terms of proportion
of low income households or new Canadians, or in the top 66 in terms of proportion of
individuals of Aboriginal identity. Further, Prince Edward Island (PEI) and the three Canadian
territories (Northwest, Yukon and Nunavut) were excluded because they do not contain any

CMASs, and hence there are no CTs.

Although our primary objective was to ensure adequate representation of the vulnerable
populations, we also wanted to provide prevalence estimates involving populations from all
Canadian provinces and territories. Hence, for New Brunswick, Nova Scotia, and Newfoundland
and Labrador, CTs with the highest proportion of households under the LICO (range: 25.8% to
55.0% from 10 CTs in Saint John, New Brunswick; range: 24.1% to 40.9% from 10 CTs in

Halifax, Nova Scotia; range: 27.4% to 41.4% from 5 CTs in St. John’s, Newfoundland) were
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selected from the main CMAs. These areas contained too few new Canadians or individuals of
Aboriginal identity to be included in the sampling for these populations. In PEI, we targeted the
largest Census Subdivision in the province, Charlottetown. According to the 2006 Census, 13.2%
of households in Charlottetown were below the LICO and 1.4% were new Canadians. In the
Northwest and Yukon Territories, a random sample of households was selected from all areas. In
Nunavut, all available records were purchased because of the large number of those of

Aboriginal identity residing in this territory.

Participant recruitment

All households, with the exception of those in Nunavut, were mailed a letter informing them that
the research team would contact them to complete a ten to fifteen minute telephone survey about
dietary habits and the environment (see Appendix C). To help avoid selection bias, the letter did
not mention that the study’s purpose was to examine food allergy prevalence, but did advise (as
required by our ethics board) that those with food allergies may have to complete a slightly
longer survey. Included in the letter was a five-dollar coupon for a major restaurant chain or food
product. Previous research has shown that incentives as small as five dollars provided before the
survey, i.e., a priori incentives, increase response rates, especially among low income and
minority populations.®® A small pilot study, which provided a five-dollar a priori incentive to
some households, chosen at random, and no incentive to others, was conducted prior to the

beginning of data collection and confirmed previous findings.®°

The recruitment strategy in Nunavut was different from the rest of Canada because the White

Pages provides only the telephone numbers and does not provide addresses for these households.
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Hence, we could not send the information letter and incentive to households in Nunavut prior to
the interview. To advertise the study, a public service announcement was broadcast on a major
northern Canadian news network during the period phone calls were being made to Nunavut
residents. A five-dollar compensation was sent to those households after they completed the

telephone survey and provided their address.

Telephone survey

Approximately two weeks after mailing the information letter, households were contacted to
complete the telephone survey. The surveys were conducted by a team of similarly trained
interviewers, based at McGill University in Montreal, Quebec, Canada, using Computer Assisted
Telephone Interview (CATI) software (WinCati 4.2, Copyright 1986-2004 Sawtooth
Technologies Inc, Northbrook, Illinois). Respondents were eligible to participate if they were
eighteen years or older, were living in the household, appeared to have no cognitive or hearing
barriers, could respond in either of Canada’s official languages (English or French), and could
answer guestions about dietary habits and food allergies of all household members. Once
eligibility was established, the respondent was invited to participate and asked whether any
household member had an allergy to peanut, tree nut, fish, shellfish, sesame, milk, egg, wheat,
and/or soy, or any other foods. If the respondent reported that an individual had an allergy to one
of the nine foods specified above, they were queried further using the Food Allergy Prevalence

Questionnaire (FAPQ) (see Appendix D).

The FAPQ was initially developed by Sicherer et al to determine the general population

prevalence of peanut, tree nut, fish and shellfish allergy in the United States,* * © and modified
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by our team to include questions regarding sesame allergy for the SCAAALAR study.’ In the
current study, questions regarding a potential allergy to milk, egg, wheat and soy were added. As
described previously by Ben-Shoshan et al,” individuals were queried on the history of the most
severe allergic reaction, interval between exposure and symptom onset, and if the allergy was

diagnosed by a physician.

Information on the age, sex, country of origin, number of years in Canada (for those not born in
Canada), cultural/ethnic background (including Aboriginal identity status), education level (for
those over eighteen years), and household income was obtained.

To optimize response rates and minimize selection bias, a maximum of fifteen attempts were
made to contact households on different days and times between 9:00 AM and 9:00 PM (local
time) Monday through Friday, and 10:00 AM and 5:00 PM on Saturdays and Sundays.

The questionnaires were translated into French and back-translated into English.

The study was approved by the Institutional Review Board of the McGill University Health

Centre.

Definitions of food allergy

Two definitions of food allergy were used in this analysis:

1) Perceived food allergy; includes all individuals reporting any food allergy, and
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2) Probable food allergy; a more conservative definition which includes all individuals reporting
an allergy to peanut, tree nut, fish, shellfish, sesame, milk, egg, wheat, and/or soy, who report a
convincing history of food allergy and/or who self-report a physician-diagnosed food allergy. To

be considered to have a convincing history,* %

an individual had to report experiencing at least
two mild symptoms (pruritus, urticaria, flushing, or rhinoconjunctivitis), one moderate
(angioedema, throat tightness, gastrointestinal complaints, or breathing difficulties (other than
wheeze)) or one severe symptom (wheeze, cyanosis, or circulatory collapse) after ingestion or
contact (or inhalation for fish, shellfish, egg or soy) within 2 hours after exposure to the food. To
ensure that participants who were either lactose intolerant or had celiac disease were not
mistakenly considered to have a milk or wheat allergy, those who reported either of these
conditions or had symptoms which were limited to the gastrointestinal tract or who could tolerate
either dairy or wheat products occasionally without experiencing a reaction were excluded from

the estimates for probable milk or wheat allergy.® %

Statistical analysis

Estimating prevalence of food allergy among those completing the FAPQ and creating weighted

estimates

Point estimates and 95% confidence intervals (CIs) for the prevalence of perceived and probable
allergy for each of the vulnerable and non-vulnerable groups were calculated using the Clopper-
Pearson exact method.*® Given the targeted sampling strategy of this study, which purposely

oversampled the vulnerable populations, the prevalence estimates were weighted. Even though
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prevalence estimates were calculated for each vulnerable and non-vulnerable group separately,
weighting was still necessary because the distribution of the other demographic characteristics

may be distributed differently across vulnerable and non-vulnerable groups (see Appendix E).

For example, if we were interested in comparing prevalence between low income and high
income individuals, it is possible that the other demographic characteristics of interest
(education, immigrant status, Aboriginal status) may be distributed differently across levels of
income. Hence, our groups of low and high income are neither representative of the general low
income or high income population unless we account for the education, immigration, and

Aboriginal population weights.

To create the weighted estimates, non-overlapping sub-groups of interest, each characterized by
education, income, Canadian-born, and Aboriginal status, were created for both the study
population and the 2006 Canadian Census database. A weight variable was then created for each
mutually exclusive group by dividing the number of individuals in the Census in that subgroup
by the number of individuals from the SPAACE study in the corresponding subgroup. These
weights were then used to calculate prevalence by specifying the weight variable that was

generated, using the survey functions available in Stata 12.

As a non-trivial percentage of the sample did not report household income, a sensitivity analysis
was performed where the prevalence of food allergy for those who did and did not provide their

household income was compared.
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Identifying predictors of food allergy

To identify predictors of food allergy, multivariate logistic regression analysis was performed for
perceived allergy to any food. The following variables were included as covariates: education
(<post-secondary degree versus >post-secondary degree; defined for adults only), household
income (income < LICO versus income >LICO), a three-level variable for immigrant status (new
Canadian, the reference group, immigrated >10 years ago, born in Canada), Aboriginal status
(those of Aboriginal identity versus without Aboriginal identity), child (<18 years old), sex, and
an interaction term between child and male, since food allergy prevalence has been shown to be

higher in male children, although this trend is reversed in adulthood.®

A sensitivity analysis was conducted where the immigrant variable was either dichotomized as
born in Canada versus immigrant, or continuous, expressing the number of years since
immigrating to Canada. Additionally, a sensitivity analysis for missing income was performed
where a multivariate model, which included individuals reporting their income, was compared to

a model, which included those not reporting their income.
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Results

Participation rate

Between September 2010 and September 2011, we attempted to reach 15,986 households by
telephone of which 12,762 households were actually reached. Of the 12,762 households that
were reached, 5,734 households, representing 15,022 individuals, completed the FAPQ (45%
response rate). Given the targeting strategy employed, the sample consisted of a much higher
percentage of vulnerable populations than are present in the general Canadian population. In the
sample, 22.8% of participants were below the LICO, 11.8% were new Canadians, and 15.1%
were of Aboriginal identity versus 15.7%, 7.2%, and 3.8%, respectively, of the general Canadian

population.”’

Prevalence of food allergy

Adults with low education had a lower prevalence of perceived allergy to any food than those
with higher education [6.4% (95% CI, 5.5%-7.3%) versus 8.9% (95% ClI, 7.7%-10%)] (Table I).
This difference was most notable for tree nut. There was a trend for the perceived prevalence to
be greater than the probable for most of the nine allergens. It should be noted that the prevalence
of probable allergy to any food cannot be calculated as detailed history regarding allergy was
collected for only nine food allergens and not for any other reported food allergen. To enable
children to be included in this analysis, children were stratified based on highest educational
attainment in the household and a trend towards lower prevalence in households with lower

educational attainment was observed.
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The perceived prevalence of tree nut and wheat allergy was lower in individuals living in
households below the LICO (Table II). In a sensitivity analysis, perceived and probable

prevalence estimates were similar in those reporting and not reporting household income.

New Canadians had a perceived prevalence of any food allergy of 3.2% (95% ClI, 2.2%-4.3%),
those who had immigrated at least ten years prior had a prevalence of 5.5% (95% CI, 4.5%-
6.4%), and those born in Canada had a prevalence of 8.2% (95% ClI, 7.4%-9.1%) (Table I1I).

This difference was most notable for peanut and tree nut.

The prevalence of food allergy in individuals of Aboriginal identity was similar to the rest of the

respondents (Table 1V).

Socio-demographic predictors of perceived allergy

In the multivariate analysis, adults with low education [Odds Ratio (OR): 0.74 (95% CI, 0.58-
0.95)] and men [OR: 0.61 (95% CI, 0.48-0.78)] were less likely to report an allergy; those born
in Canada [OR: 2.80 (95% CI, 1.88-4.17)] or immigrating to Canada more than 10 years prior
[OR: 1.74 (95% CI, 1.12-2.70)] were more likely to report an allergy (Table V). When the
immigrant variable was dichotomized, immigrants were less likely than those born in Canada to
report an allergy [OR: 0.54 (95% ClI, 0.42-0.68)]; similarly, when the variable was continuous,
the prevalence of perceived food allergy increased with increasing number of years since
immigrating to Canada [OR: 1.02 (95% CI, 1.01-1.03)]. The predictors of perceived allergy to

any food were the same in the multivariate model which was restricted to individuals who did
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not report their income and in the model which was restricted to individuals who did report their

income.
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Discussion

SPAACE is the first Canadian study to specifically target and estimate the prevalence of food
allergy in those of low education, low income, new Canadians, and individuals of Aboriginal
identity. The sampling strategy used in this study was much more successful at targeting the
vulnerable groups than our previous SCAAALAR study which used random sampling
(households below the LICO: 22% in SPAACE versus 8.9% in SCAAALAR; new Canadians:
11.8% in SPAACE versus 1.9% in SCAAALAR), and similar strategies should be considered by

others planning to conduct telephone surveys in the future.

Food allergy was less commonly reported among adults and children living in households with
lower educational attainment, which may be both real and a reflection of under-diagnosis. It is
possible that the more educated truly have a higher prevalence of food allergy as they may have
been more likely than those with lower education to have followed recommendations suggesting
that the restriction of allergenic foods early in life may prevent the development of food
allergy.'? Recent studies, however, have suggested that delayed introduction may, in fact,
promote food allergy, potentially resulting in a higher prevalence in those who were more
adherent to these guidelines. Consequently, this advice has since been retracted.” It is also
possible that the lower prevalence of food allergy in those of lower education results partially
from less awareness of food allergy because of lower levels of health literacy. They therefore
may not recognize symptoms that may be suggestive of food allergy, and are less likely to
consult a physician and be diagnosed. Although health care access is theoretically universal in
Canada, differential access still exists and may contribute to under-diagnosis in the less

educated.™ Access may be limited by geographic remoteness from urban health care facilities
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and by social and cultural factors.”® % Others have also observed that low socioeconomic status
is associated with fewer self-reported food allergies, but did not specifically target under-

represented groups>2 or only included children.®*

Immigrants were less likely to self-report food allergy and the odds of self-reporting food allergy
increased by 2% for each additional year since immigrating to Canada. These findings support
the “healthy immigrant effect,” i.e., new Canadians tend to have a low prevalence of chronic
conditions, but their health status worsens with time and eventually converges to that of the
Canadian-born population.'® ** Additionally, many immigrants may become more aware of
food allergy with increasing time in Canada, and potentially more likely to self-report. Our
results are consistent with a recent American study, which reported that foreign-born children

had a lower odds of having food allergy, but this study did not assess adult immigrants.>

Although the overall prevalence of food allergy may be hypothesized to be lower in individuals
of Aboriginal identity because of larger household size, higher number of early childhood

10, 11, 13,59

infections, and poorer sanitation, which may protect against allergic diseases, and less

access to specialist health care,”” """

we observed that the prevalence was similar between those
with and without Aboriginal identity. This may be because of an inadequate sample size or
because our sample consisted of urban and off-reserve Aboriginal populations rather than on-
reserve, where poor municipal infrastructure is more likely to be problematic. In contrast, a

recent publication by our research team, using the 2006 Aboriginal Children’s Survey, did

demonstrate a lower prevalence among off-reserve Aboriginal children aged 0 to 5 years.®
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Our study was limited by our inability to perform telephone interviews in languages other than
English and French even though one of the targeted groups was recent immigrants. However,
given the extensive ethnic diversity in Canada, it would have been logistically very difficult and
expensive to translate the lengthy telephone questionnaire into multiple languages and complete

the data collection within a realistic timeframe.

Our estimates of prevalence of allergy to specific foods are based on self-report of a convincing
history or self-report of a physician diagnosis. In previous work, we had attempted to confirm
self-report by requesting permission from participants to contact their physician and request
results of diagnostic testing.’°* However, this was unsuccessful as many participants self-
reporting food allergy either had not consulted a physician or refused to grant permission; in
cases where participants consented, few physicians returned results. It is possible that the
estimates in our study may have been lower if we required that self-report be confirmed with
diagnostic testing. However, estimates for peanut allergy in Montreal school children where
diagnosis was based on confirmatory testing'®® were very similar to estimates based on history
alone in our previous population-based telephone survey (the SCAAALAR study).**? Hence,
estimates generated in this study by self-report of a convincing history or physician diagnosis

likely should not represent a substantial overestimation.

This study suggests that those with lower education and immigrants have fewer food allergies.
The difference may be real or apparent and the reasons are largely unknown. It is possible that
the lower prevalence in these vulnerable populations is partially due to under-diagnosis due to

their inadequate access to health care services because of geographic, bureaucratic, cultural, and
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language barriers. These issues highlight important gaps in health care policy, and more research
is needed to identify and address these impediments to ensure that all Canadians have an equal
opportunity to seek and receive appropriate care. Indeed, our research team is undertaking in-
depth studies with low-income families and new Canadians in order to explore the lived

experiences of food allergies in these vulnerable populations.® ***
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Table I: Weighted Perceived and Probable Prevalence Estimates of Food Allergy according

to education*

A-Low education | B-High education Difference
(n=5,332) (n=5,363) A-B
% (95% CI) % (95% CI) % (95% CI)

Perceived

Peanut 0.6 (0.3, 0.9) 0.8(0.4,1.1) -0.1 (-0.6,0.3)
Tree nut 0.7 (0.4, 1.0) 1.7 (1.2, 2.3) -1.0 (-1.6,-0.4)
Fish 0.4 (0.2, 0.6) 0.8(0.4,1.1) -0.4 (-0.8,0.0)
Shellfish 15(1.1, 2.0) 2.2 (1.6,2.8) -0.6 (-1.3,0.1)
Sesame 0.1 (0.0, 0.3) 0.3(0.1,0.5) -0.2 (-0.4,0.1)
Milk 0.7 (0.4,1.1) 0.7 (0.3, 1.0) 0.1(-0.4,0.5)
Egg 0.6 (0.3, 0.8) 0.4 (0.2, 0.6) 0.1 (-0.2,0.5)
Wheat 0.4 (0.2,0.7) 0.4 (0.2,0.7) 0.0 (-0.3,0.4)
Soy 0.1 (0.0,0.2) 0.2 (0.0, 0.4) -0.1 (-0.3,0.1)
Any** 6.4 (5.5, 7.3) 8.9 (7.7, 10) -2.4 (-3.8,-0.9)
Probable

Peanut 0.4 (0.2, 0.6) 0.8(0.4,1.1) -0.3 (-0.7,0.1)
Tree nut 0.6 (0.3, 0.9) 1.5 (1.0, 2.0) -0.8 (-1.4,-0.3)
Fish 0.3(0.1,0.5) 0.7 (0.4, 1.0) -0.4 (-0.8, 0.0)
Shellfish 1.3(0.9,1.7) 2.0(1.4,25) -0.7 (-1.3, 0.0)
Sesame 0.1 (0.0, 0.3) 0.2 (0.0, 0.4) -0.1 (-0.3,0.1)
Milk 0.1 (0.0, 0.3) 0.2 (0.0, 0.4) -0.1 (-0.3,0.1)
Egg 0.6 (0.3.0.8) 0.4 (0.2, 0.6) 0.2 (-0.2,0.5)
Wheat 0.3(0.1,0.5) 0.2 (0.0, 0.4) 0.0 (-0.3,0.3)
Soy 0.1 (0.0, 0.2) 0.2 (0.0, 0.4) -0.1 (-0.3,0.1)

*A total of 15,022: 10,695 adults provided this information, 301 adults did not provide this

information, and 4026 children were not asked about education.
**Any perceived allergy refers to self-report of allergy to 1 of the 9 common food allergies and

other foods, such as fruit, vegetables, meat, chocolate, seeds, spices, legumes, and grains
Note: Cells where the 95% CI does not include the null are shaded in grey.
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Table I1: Weighted Perceived and Probable Prevalence Estimates of Food Allergy

according to income*
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A-Low income
(n=2,424)
% (95% CI)

B-High income
(n=8,205)
% (95% CI)

Difference
A-B
% (95% CI)

Perceived

Peanut 1.4 (0.8, 2.0) 1.2(0.8,1.6) | 0.2(-0.5,0.9)
Tree nut 0.6 (0.2, 1.1) 1.6 (1.2,2.0) |-1.0(-1.6,-0.4)
Fish 0.4 (0.1,0.7) 0.8(0.4,1.1) | -0.3(-0.8,0.1)
Shellfish | 1.6 (0.9, 2.3) 1.9(15,24) | -0.3(-1.1,0.5)
Sesame 0.3(0.0,0.7) 0.2(0.1,0.3) | 0.1(-0.3,0.6)
Milk 0.7 (0.3,1.2) 0.7(0.4,1.0) | 0.1(-0.5,0.6)
Egg 0.3 (0.1, 0.6) 0.7(0.4,0.9) | -0.3(-0.7,0.0)
Wheat 0.0 (0.0,0.1) 0.3(0.2,0.5) |[-0.3(-0.5,-0.1)
Soy 0.1 (0.0, 0.3) 0.1(0.0.0.2) | -0.1(-0.2,0.2)
Any 7.2 (5.7, 8.6) 7.8(6.9,8.7) | -0.6(-2.3,1.1)
Probable

Peanut 1.2 (0.6, 1.8) 1.1(0.7,1.4) | 0.1(-0.6,0.8)
Tree nut 0.6 (0.1,1.1) 1.4(1.0,18) |-0.8(-1.4,-0.2)
Fish 0.4 (0.1,0.7) 0.7(0.4,1.0) | -0.3(-0.8,0.1)
Shellfish | 1.3 (0.7, 1.8) 1.6 (1.2,2.0) | -0.4(-1.1,0.3)
Sesame 0.2 (0.0, 0.5) 0.2(0.1,0.3) | 0.0(-0.3,0.3)
Milk 0.2 (0.0,0.4) 0.2(0.1,0.3) | 0.0(-0.3,0.3)
Egg 0.3(0.1, 0.6) 0.7(0.4,0.9) | -0.3(-0.7,0.0)
Wheat 0.0 (0.0, 0.0) 0.2 (0.1,0.4) -0.2

Soy 0.0 (0.0,0.1) 0.1(0.0,0.2) | -0.1(-0.2,0.0)

* Data on household income are missing for 4,393 individuals because participants refused to

provide this information.

Note: Cells where the 95% CI does not include the null are shaded in grey.
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Table I11: Weighted Perceived and Probable Prevalence Estimates of Food Allergy according to immigrant status*

A-New Canadian | B-Immigrant >10 years | C-Born in Canada Difference Difference Difference
(n=1,754) (n=2,851) (n=10,299) A-B B-C (A-C)
% (95% CI) % (95% ClI) % (95% ClI) % (95% ClI) % (95% ClI) % (95% CI)

Perceived

Peanut 0.4 (0.1,0.7) 0.5(0.2,0.8) 1.3 (0.9, 1.6) -0.1(-0.6,0.4) | -0.8 (-1.2,-0.3) | -0.8 (-1.3, -0.4)
Tree nut 0.2 (0.0, 0.5) 0.6 (0.2,0.9) 15(1.2,1.9) -0.3(-0.8,0.1) |-1.0(-1.5,-0.5) | -1.3 (-1.7,-0.9)
Fish 0.4 (0.1, 0.8) 0.6 (0.2, 0.9) 0.7 (0.4, 1.0) -0.1 (-0.6, 0.3) | -0.2(-0.6,0.3) | -0.3 (-0.7,0.2)
Shellfish 1.3 (0.6, 1.9) 1.5(1.0, 2.0) 1.8(1.4,2.2) -0.2(-1.0,0.6) | -0.3(-1.0,0.3) | -0.6 (-1.3,0.2)
Sesame 0.2 (0.0, 0.4) 0.1 (0.0, 0.1) 0.2 (0.1, 0.4) 0.2(-0.1,0.4) |-0.2(-0.3,-0.1) | 0.0(-0.3,0.2)
Milk 0.4 (0.0, 0.7) 0.5(0.2, 0.8) 0.8 (0.5, 1.0) -0.2 (-0.6, 0.3) | -0.3(-0.7,0.2) | -0.4 (-0.9, 0.0)
Egg 0.4 (0.1,0.7) 0.6 (0.3,1.0) 0.6 (0.4,0.8) -0.2(-0.7,0.3) | 0.0(-0.4,0.4) | -0.2(-0.6,0.2)
Wheat 0.0 (0.0, 0.0) 0.5(0.2, 0.8) 0.4 (0.2, 0.6) -0.5 0.1(-0.3,0.5) -0.4

Soy 0.1 (0.0,0.3) 0.1(0.0,0.2) 0.1(0.0,0.2) 0.0(-0.2,0.2) | 0.0(-0.2,0.1) | 0.0(-0.2,0.2)
Any 3.2(2.2,43) 5.5 (4.5, 6.4) 8.2(7.4,9.1) -2.2(-3.7,-0.8) | -2.8 (-4.1,-1.5) | -5.0 (-6.3, -3.7)
Probable

Peanut 0.4 (0.1,0.7) 0.4 (0.1,0.7) 1.1(0.8,1.4) -0.1(-0.5,0.4) |-0.7 (-1.2,-0.3) | -0.8 (-1.2, -0.4)
Tree nut 0.2 (0.0, 0.4) 0.4 (0.1,0.7) 14(1.1,1.7) -0.2 (-0.6,0.2) | -1.0(-1.5,-0.6) | -1.2 (-1.6, -0.8)
Fish 0.4 (0.1,0.8) 0.5(0.2,0.9) 0.6 (0.4,0.9) -0.1(-0.6,0.4) | -0.1(-0.5,0.3) | -0.2 (-0.6, 0.2)
Shellfish 1.1(0.5,1.7) 1.2(0.8,1.7) 15(1.2,1.8) -0.2 (-0.9, 0.6) | -0.3(-0.8,0.3) | -0.4 (-1.1, 0.3)
Sesame 0.2 (0.0,0.4) 0.0 (0.0,0.1) 0.2 (0.1,0.3) 0.1(-0.1,0.3) | -0.2(-0.3,0.0) | 0.0(-0.3,0.2)
Milk 0.2 (0.0, 0.4) 0.2 (0.0, 0.4) 0.2 (0.1,0.3) -0.1(-0.3,0.2) | 0.1(-0.2,0.3) | 0.0(-0.2,0.2)
Egg 0.4 (0.1,0.7) 0.6 (0.2, 1.0) 0.6 (0.4, 0.8) -0.2 (-0.7,0.3) | 0.0(-0.4,0.4) | -0.2 (-0.6, 0.2)
Wheat 0.0 (0.0, 0.0) 0.3(0.1, 0.6) 0.3(0.1,0.4) -0.3 0.1(-0.2,0.4) -0.3

Soy 0.1 (0.0, 0.3) 0.1 (0.0, 0.2) 0.1 (0.0, 0.2) 0.0(-0.2,0.2) | 0.0(-0.2,0.1) | 0.0(-0.2,0.2)

*Immigrant status was only available for 14,904 participants.
Note: Cells where the 95% CI does not include the null are shaded in grey.
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Table IV: Weighted Perceived and Probable Prevalence Estimates of Food Allergy

260183842

according to Aboriginal identity*

A-Aboriginal | B-Non-aboriginal | Difference
(n=2,265) (n=12,732) A-B
% (95% CI) % (95% CI) % (95% CI)

Perceived

Peanut 1.2 (0.0, 2.4) 1.1(0.8,1.4) 0.1(-1.2,1.3)
Treenut | 0.7 (0.0, 1.7) 1.3(1.0, 1.6) -0.6 (-1.6, 0.4)
Fish 1.4 (0.1, 2.6) 0.7 (0.4,0.9) 0.7 (-0.6, 2.0)
Shellfish | 2.1 (0.5, 3.6) 1.7 (1.4,21) 0.3 (-1.3, 2.0)
Sesame 0.4 (0.0,1.1) 0.2 (0.1,0.3) 0.2 (-0.5,0.9)
Milk 0.6 (0.0,1.2) 0.7 (0.5,0.9) -0.1 (-0.8, 0.5)
Egg 0.7 (0.0, 1.5) 0.6 (0.4,0.8) 0.1(-0.8,0.9)
Wheat 0.2 (0.0, 0.5) 0.4 (0.2,0.5) -0.2 (-0.6, 0.2)
Soy 0.0 (0.0,0.1) 0.1(0.1,0.2) -0.1 (-0.2, 0.0)
Any 8.5(5.3,11.6) 7.4 (6.7,8.1) 1.1(-2.2,4.3)
Probable

Peanut 1.1(0.0,2.4) | 1.0(0.7,1.2) | 0.2(-1.1,1.4)
Treenut | 0.7 (0.0, 1.6) 1.2 (0.9, 1.5) -0.5(-1.4,0.5)
Fish 1.0 (0.0, 2.2) 0.6 (0.4,0.8) 0.4 (-0.7, 1.6)
Shellfish | 2.1 (0.5, 3.6) 1.4(1.1,1.7) 0.6 (-1.0, 2.2)
Sesame 0.4 (0.0, 1.1) 0.2 (0.1,0.3) 0.2 (-0.5,0.9)
Milk 0.0 (0.0,0.1) 0.2 (0.1,0.3) -0.2 (-0.3, 0.0)
Egg 0.7 (0.0, 1.5) 0.6 (0.4,0.8) 0.1(-0.7,0.9)
Wheat 0.2 (0.0,0.5) 0.2 (0.1,0.4) -0.1 (-0.4,0.3)
Soy 0.0 (0.0,0.1) 0.1(0.1,0.2) -0.1 (-0.2, 0.0)

*Aboriginal identity was available for 14,997 individuals
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Table V: Socio-demographic predictors of perceived allergy to any food

260183842

S7

Model 1 Model 2 Model 3
OR (95% CI) OR (95% CI) OR (95% CI)
Predictors
Low education 0.74 (0.58-0.95) 0.75 (0.58-0.96) 0.73 (0.57-0.94)
Low income 1.00 (0.76-1.31) 0.98 (0.75-1.28) 1.00 (0.77-1.31)

Immigrated >10 years ago

1.74 (1.12-2.70)

Born in Canada

2.80 (1.88-4.17)

Immigrant to Canada

0.54 (0.42-0.68)

Years since immigration

1.02 (1.01-1.03)

Aboriginal identity

0.96 (0.58-1.59)

0.95 (0.58-1.57)

0.95 (0.58-1.56)

Female Child

0.83 (0.55-1.24)

0.81 (0.54-1.21)

0.84 (0.56-1.25)

Male Adult

0.61 (0.48-0.78)

0.61 (0.48-0.78)

0.61 (0.48-0.78)

Male Child

1.78 (1.11-2.87)

1.79 (1.11-2.87)

1.78 (1.11-2.87)

All three models contained the following variables: education, household income, Aboriginal
status, child, sex, and an interaction term between child and male (reference group: female
adult). These models differed in terms of the definition of immigrant status, as follows:

Model 1 contained a 3-level variable for immigrant status (new Canadian, the reference group,
immigrated >10 years ago, born in Canada),
Model 2 contained a dichotomous variable for immigrant status (born in Canada, the reference

group, versus immigrant), and

Model 3 contained a continuous variable for immigrant status, expressing the number of years

since immigrating to Canada.
Note: Cells where the 95% CI does not include the null are shaded in grey.
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IV: LITERATURE REVIEW-NON-RESPONSE BIAS IN TELEPHONE SURVEYS

Introduction

Given the importance of population-based estimates of food allergy prevalence to characterize
the burden of disease, many researchers have relied on telephone surveys for data collection.
This methodology allows a large, geographically diverse population to be included; however,
non-response is common in telephone surveys and can lead to possibly biased inferences. This
literature review will summarize previous research on non-response and non-response bias.
Specifically, study design techniques to minimize non-response bias and data analysis techniques

to adjust for non-response bias will be described.

Non-response

Non-response means failure to obtain a measurement on one or more study variables selected for
a survey.'% There are two types of non-response: 1) Unit non-response, where an individual does
not respond, and 2) Item non-response, where an individual responds to the questionnaire
incompletely.'® In recent years, telephone survey response rates have declined, with many
studies reporting rates lower than 50%.'%" Several reasons for the decline in response rates for
telephone surveys have been proposed, including the availability of caller identification and
answering machines, ' as well as a general disinterest in answering telephone surveys due to the
overwhelming number of market research surveys.'® With such low response rates, the presence

of bias due to non-response cannot be ignored.**°
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Non-response bias

Non-response bias is a form of selection bias that occurs when participants in the study are
systematically different from non-participants.** In other words, if the distribution of
characteristics, whether known or unknown, of the individuals participating in a study differ
from those of the individuals not participating, and if these characteristics are associated with the
outcome of interest, then there exists the potential for bias to occur.'®” For example, research has
shown that for certain types of studies non-responders tend to be less healthy, are less likely to
use the healthcare system, are younger, male, living alone, unmarried, and have a lower
educational attainment than those who respond.**?*** Differences in participation rates across
certain segments of the population reduce the possibility to generalize study observations to the
total population, and this can lead to biased estimates of the association between the outcome and

other variables of interest.'*3

Non-response bias in telephone surveys

People tend to participate more often in research that directly or indirectly affects them or their
loved ones. Hence, telephone surveys to assess the prevalence of food allergy may be biased
because those who are more aware of their food allergies may be more likely to participate.*®
There is also a general tendency for those of higher socioeconomic status (SES) and are
Canadian-born to participate. Therefore, the prevalence of food allergy obtained from a
telephone survey may be biased in the direction of more allergies in high socioeconomic strata.
Our previous Canadian study found that those who participated in the study (35% of those
contacted) were predominantly of high SES and born in Canada.” Although these groups

reported the highest prevalence of food allergy both overall® and for specific foods," this finding
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may be (at least in part) explained by non-response bias. We acknowledged the possibility of
non-response bias in this study, but we did not go any further to attempt to quantify this bias or

quantitatively explore the impact of non-response bias on prevalence estimates.

Another recent study to estimate food allergy prevalence among American adults reported a
35.8% response rate for a nationally-representative, random digit dialing telephone survey.*
Although the authors mention that weights were used to adjust for oversampling of certain
groups in the study, it is unlikely that these completely eliminated non-response bias. Sicherer’s
study to estimate the prevalence of peanut, tree nut, and sesame allergy in the United States
mentioned that their study likely had similar limitations to other telephone surveys and noted that
individuals participating in the survey were not aware that the study was about food allergy.*
They do not elaborate on why this is an important point, although presumably, they are alluding

to non-response bias.

Although many prevalence studies, including those mentioned here, discuss non-response bias as
a limitation of their study, most do not attempt to characterize the magnitude or direction of
bias.>® °% Before presenting the various strategies that can be used to minimize or adjust for non-
response bias, other limitations of telephone surveys that can lead to biased results will be

described.

Other limitations of telephone surveys
In addition to non-response bias, there are other issues with using telephone surveys that will be

briefly described here. Non-coverage bias is a term that has been used to describe the problem of
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landline users not necessarily being representative of the general population, possibly leading to
bias if only landline users are included in telephone surveys.''® Researchers have concluded that
the assumption that landline users are representative of the general population is no longer
valid.****% Although the inclusion of cellular phone users in telephone surveys is likely to be the

way of the future,?*1%

the cost of performing telephone surveys with cellular phones are much
higher than with landline phones,*?® and the response rate has been shown to be lower with
cellular phones.? 121124 |n addition, there are issues with privacy and participants being charged

for incoming calls, which warrant further exploration.

Bias due to reliance on self-report of the disease of interest is another issue with telephone
surveys. Most studies, including the current one, rely on self-report of the disease of interest to
estimate prevalence because it is difficult to obtain confirmatory testing for diseases reported by
telephone survey participants.” In particular, prevalence estimates based on self-report are often
higher than those based on stricter criteria such as the requirement of a clinical history

compatible with an 1gE-mediated reaction combined with a positive diagnostic test result.?> 1%

While non-coverage bias and self-report bias are important limitations of telephone surveys, the
main purpose of this thesis is to obtain unbiased estimates of allergy prevalence. Self-report bias
was addressed in Chapter I, in the way the questions on food allergy prevalence were designed,
which allowed us to differentiate between self-report, convincing history of an allergic reaction,
and doctor diagnosis of food allergy. Non-response bias was considered to be more serious than

coverage bias here, since non-response rates were so high. The following sections will
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summarize methods for handling non-response in the design, data collection, and analysis stages

of a study.

Minimizing non-response bias in the design and data collection stages

Several researchers have set out a number of detailed strategies for minimizing the number of
non-contacts and refusals in surveys. These include both questionnaire and interview techniques
such as the use of short, personalized letters sent prior to the interview.**” Inclusion of a study
brochure with frequently asked questions like “Why is the study important?”, “Who is being
asked to participate?” and “How will the interviews be conducted?”, and answers to these
questions also increases the chance that an individual will participate in a telephone survey.*?®
Incentives for cooperation have a positive effect on the response rate, as has the importance of
the survey's topic. Previous research has shown that incentives as small as five dollars provided
before the survey, i.e., a priori incentives, increase response rates, especially among low income
and minority populations.®® A pilot study performed prior to data collection for the SPAACE

study confirmed this.®

The use of a short Refusal Questionnaire in longer surveys has proven to be useful for collecting
data from non-responders on a small number of the most important study variables. For example,
a study on osteoporosis collected the most important risk factors from people who did not want
to fully participate in the study, and then used these variables to predict the probability of
osteoporosis in non-complete respondents.*? This method worked quite well, with an additional
30% participation rate for the shorter questionnaire. However, in other cases, participants do not

even stay on the phone long enough to be asked the Refusal Questionnaire. In the SPAACE
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study, only 4% of households who refused to complete the full questionnaire agreed to complete

the Refusal Questionnaire.**

Another way to elicit information from non-responders is through the administration of a

questionnaire following the initial survey. Rupp et al**?

administered a telephone survey among
non-responders to a mailed questionnaire about rheumatoid arthritis six months following the
initial questionnaire, to determine whether there were any differences in terms of
sociodemographic characteristics (age, gender, type of household, marital status, and educational
level) and health status (disease duration, pain, co-morbidity, general health, functional status,
etc) between responders and non-responders, and to increase their response rates. Siemiatycki'**
and Fowler,*> among others, have also used this strategy to increase response rates. However,
these studies all used mailed questionnaires as the initial survey tool, and then followed up with a
telephone survey. Therefore, it is unclear whether a follow up telephone survey would have the
same benefit when a telephone survey was used as the initial survey tool. In addition, there can

be ethical issues to repeatedly contacting households that do not respond or have explicitly

refused to respond.

There are several ways that researchers can try to minimize non-response, as summarized in the
paragraphs above. Unfortunately, no method is perfect, and it is almost guaranteed that any study
will have some level of non-response. Therefore, when designing a study, it is important to not
only include details on how researchers will attempt to increase the response rate during the data

collection phase, but also to include details on how researchers will attempt to adjust for or
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measure the bias due to non-response in the data analysis phase. Different statistical methods for

adjusting for non-response bias will be discussed in the next section.

Adjusting for non-response bias in the analysis stage

Non-response creates a missing data problem whereby some or all study variables are missing.'%
There are different ways to analyze missing data, and deciding which statistical technique is
appropriate requires one to first determine what type of missing data is present in a given dataset.
The next section will discuss the types of missing data for the non-expert. Those interested in

more rigorous definitions should consult a textbook on the subject, such as that by Rubin.*®

Types of missing data

Missing data can be classified as: missing completely at random (MCAR), missing at random
(MAR), and missing not at random (MNAR).*** As the name implies, MCAR data are equivalent
to having complete data, and then randomly deleting certain entries, regardless of their values.
This, in turn, implies that MCAR data will, on average, return unbiased inferences, similar to a

complete dataset but with lower sample size.'®

When missing data are MCAR, then simply
ignoring the missing data and performing analysis on complete data will yield an unbiased point
estimate, albeit with wider confidence intervals compared to the complete dataset with no

missing data.

Roughly speaking, MAR missing data implies that any biases created by the missing data can be

adjusted for using information that is contained within the observed data.'® Unfortunately, this
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condition is generally unverifiable because, of course, we do not know the values of missing
data. Hence, we cannot directly compare the inferences that are obtained with and without the

missing data.

MCAR and MAR data are termed ignorable, since in either case valid inferences can be obtained
from information in the data alone.*® On the other hand, MNAR data are non-ignorable, and
valid inferences become more difficult to obtain, often depending on outside information, if
available. Roughly, MNAR missing data implies that, even after accounting for all of the

information in the observed dataset, inferences may still be biased.'%

Missing data can be analyzed in different ways, and each of the strategies to analyze missing

data has its own strengths and weaknesses. Some of these methods will be discussed in the next

section.

Conventional methods for analyzing missing data

The conventional methods for analyzing missing data include list-wise deletion, maximum
likelihood methods, and various methods based on imputation, or filling in the missing data with
estimated values. These methods, including their benefits and drawbacks, will be described in the

following paragraphs.

List-wise deletion, also known as complete case analysis, deletes any cases where there is

missing data on one or more variables of interest. Advantages of this technique include the
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ability to use any standard statistical analysis without special methods, and the ability to compare
univariate statistics since these are all based on the same sample size. This technique is only
valid if subjects with complete data are representative of the study population in terms of
inferences of interest. For example, if the missing data are MCAR, then complete case analysis
will result in unbiased inferences, albeit with reduced precision owing to smaller sample sizes.
The main drawback is that the method produces unbiased inferences only under very limited
circumstances, i.e., that the missing data actually satisfies the MCAR assumption. It is most
often the case that those with missing data are at least somewhat different from those with
complete data, and the MCAR assumption is violated. As the number of cases with missing data
increases, the method can become very inefficient because all cases with any missing data will

be discarded, thereby increasing the standard errors of estimates.**

Single imputation involves replacing missing values in the dataset with some reasonable guess or
more formal estimate from a model, and then performing statistical analysis as if there were no
missing data. One obvious advantage of single imputation is that once the missing data points are
filled in, standard complete-data analysis can be performed.*® Another advantage is that
imputation allows for the incorporation of outside information into the final inferences. For
example, if the analyst has substantial knowledge about the reasons for non-response, this
information can be considered in the imputation procedure.™ The main disadvantage is that
once the data have been filled in, analysis proceeds as if all data were known, which leads to
variance estimates that are too low. In addition, even when the non-response mechanism is

poorly understood, this uncertainty is not taken into account in the imputation model.
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There are several ways to impute missing values. One of the simplest methods is called marginal
imputation and involves filling in missing values with the mean of the observed values for each
variable.’® This method is known to yield biased estimates with too little variation, since not all

subjects with missing data will have values close to the mean.**

Conditional mean imputation is used when analyses are based on means, variances, and
correlations. It involves estimating the mean and variance of a variable using all cases that
respond to that variable, and estimating the correlation between two variables using all cases that
respond to both variables.*® This method yields reasonable estimates for means if the normality
assumption is plausible and missing data are MAR. However, the size of the variance and co-

variance are generally underestimated, and negative variances can sometimes result.

‘Hot deck’ imputation involves finding a matching respondent for each non-respondent, where
matching means that the two respondents are close with respect to the observed variables.'*?
Matching criteria are determined by the analyst, and many trials might be run using different
criteria to ensure that every respondent is matched with a non-respondent. Unfortunately, this
method also underestimates variability because it treats the imputed values as if they were known
with certainty.™* In addition, it does not take into account the mechanisms by which data come

to be missing.

All of the simple methods discussed above for salvaging information from cases with missing
data are sub-optimal. List-wise deletion can introduce substantial bias if the data are not MCAR.

Single imputation may adjust for bias but produces standard error estimates that are too low.
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None of the methods covered so far are satisfactory, and two other techniques have been

developed that work better: maximum likelihood and multiple imputation. Maximum likelihood

and multiple imputation will be described in the next section.

Maximum likelihood

The goal of this literature review is not to present substantial statistical details of techniques to
analyze missing data, especially for those not used in the rest of the thesis. Therefore, Maximum
likelihood (ML) will only be briefly described here. ML estimation chooses as estimates those
values that, if true, would maximize the probability of observing the data that has been observed.
ML estimators have a few very appealing properties: they are consistent, meaning that they are
approximately unbiased in large samples, and they are efficient, meaning that the standard errors
are at least as small as the standard errors for any other estimator.'® These properties hold under
some general conditions, including that the missing data are MAR.**® Unfortunately, since ML is
a large sample inferential approach, when the sample size is small, the likelihood function may
have a non-normal shape, maybe with local maxima, and asymptotic theory may not work very
well.*® Although some simpler models can be handled by standard software packages,
implementation may be less straightforward or even impossible for more complex models. ML
requires a model for the joint distribution of all variables with missing data, which can be quite
difficult to obtain and which complicates the estimation process.'® Further, it cannot be
extended to handle missing data that are non-ignorable. Therefore, this method was not used in

this thesis, where missing data may well be non-ignorable.
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Multiple imputation

Under certain conditions described by Rubin, Multiple Imputation (MI) retains the optimal
properties of ML-estimates that are consistent, efficient, and asymptotically normal when data
are MAR, but eliminates some of the limitations. Unlike ML, MI can easily be used with any
kind of data and any model.'® In other words, if there is a way to analyze the complete dataset,
then M1 can be used, regardless of model complexity. Another advantage of MI over other
methods is how the calculation of variance is performed. Whereas other methods yield variances
that are usually too small because the data are essentially considered to be complete, Ml takes
into account this uncertainty and yields a final variance estimate that is apropriately adjusted.™*’
Unlike other methods, Ml also allows the sensitivity of inferences to various models of non-
response to be investigated. This is an important feature of MI because, in general, the statistical

analysis that is performed usually relies on assumptions that are unverifiable.*® For all of these

reasons, MI is considered to be the “gold standard” for analyzing missing data.

Multiple Imputation involves the following steps:*?°
1) The parameter of interest, say theta, is identified. This parameter, which could be a
vector, includes all unknown quantities of interest (prevalences, odds ratios, regression
coefficients, and missing data). Let x be the observed data, and y be the missing data.
2) A prior distribution for theta is specified. The prior distribution summarizes what is
known about the parameter prior to collection of new data. If there is little prior
information, a non-informative or diffuse prior is used, and the data themselves drive

final results.'® The user may choose to include information in the prior distribution if
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there is information available on the missing data mechanism. In this case, the results
obtained will be formed from a combination of the data and the prior information.

3) The distribution of the data, y, given the parameter value, is then specified as a likelihood
function, f(y|theta).

4) The posterior distribution is determined using Bayes theorem, which states that the
posterior distribution is proportional to the prior times the likelihood. The posterior
distribution summarizes the knowledge about the unknown parameter theta given the
information contained in the data (as represented by the likelihood function) and the prior
information.

5) The missing data is imputed by drawing from the distribution for the missing data y,
given the observed data x, and unknown parameters.

6) Now that the missing data has been “filled in”, the desired analysis can be performed on
each complete dataset separately. Each imputed dataset uses information from the
previous datasets, thereby “updating” the estimates of the model parameters, ensuring
that final estimates take into account uncertainty of the parameter estimates.

7) The average of the point estimate over all datasets is taken as the final result, and the

variance is calculated as the sum of the within and between imputation variances.

As with all methods, there are drawbacks to imputation as well. Specifically, the process of
replacing missing values with a suitable estimate can itself create bias in the resulting estimates
when the user applies an incorrectly specified informative prior distribution to the missing data.

Another problem with Ml is that the analyst must model the distribution of every variable with
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138

missing data, and this process can introduce bias if the models used are incorrect.” Ml is useful

for situations where missing data are MAR and hence the missing data is ignorable.

Unfortunately, techniques to adjust for missing data that do not satisfy MAR and are thus non-
ignorable often yield biased results. Performing a sensitivity analysis examining the effect of
different assumptions about the missing data mechanism is one way to proceed when missing
data do not satisfy MAR or are non-ignorable.™** A common technique is to consider a range of
plausible assumptions about the parameter of interest, and perform the Ml analysis using each of
these assumptions to see the effect on final inferences.*® Results from MI, like with all other
methods, must be interpreted with caution, because it is impossible to know exactly the missing

data mechanism, and hence, all one can do is make the best educated guess possible.

Summary of methods

We have discussed the various simple methods for handling missing data and concluded that
they are wrought with issues. Most of these issues have been addressed by more complex
analytical techniques such as maximum likelihood and multiple imputation, the latter being
preferred because it can handle any statistical model. As was pointed out in the previous
paragraph, when missing data are not MAR and are non-ignorable, MI with sensitivity analysis
seems to be the best approach, but results must be interpreted with caution. We have therefore

chosen to use this method for the thesis. Further details are provided in Chapter XX.
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Conclusions and future directions
In this literature review, we have discussed the important problem of non-response bias in
telephone surveys and the various strategies that can be used to minimize or adjust for this bias at

the design, data collection, and analysis stage.

Many of the strategies for minimizing non-response were implemented during the design and
data collection phase of SPAACE. We tried to increase the response rate by providing a five
dollar incentive and an information letter to all households chosen to participate in the survey,
and households were contacted multiple times, on different days and times.*® A refusal
questionnaire was used to collect information from households who refused to participate in the

full telephone survey.®

At the analysis stage, multiple imputation was used to create a range of plausible prevalence
estimates that adjusted for non-response bias using different assumptions about the prevalence in
the non-responders. In Chapter V, data on non-response-adjusted prevalence estimates of food

allergy will be presented in the form of a manuscript accepted in JACI: In Practice.
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V: ADJUSTING FOR NON-RESPONSE BIAS CORRECTS OVERESTIMATES OF FOOD

ALLERGY PREVALENCE

Lianne Soller, Moshe Ben-Shoshan, Daniel W. Harrington, Megan Knoll, Joseph Fragapane,
Lawrence Joseph, Yvan St. Pierre, Sebastien La Vieille, Kathi Wilson, Susan J. Elliott, and Ann

E. Clarke.

Introduction

Nationwide estimates of food allergy prevalence are frequently based on telephone surveys as
this allows population-based sampling from geographically diverse regions. The most recent
telephone surveys from the United States and Canada estimate that the prevalence of self-
reported food allergy ranges between 8.1% and 9.1%.% > However, such studies-are often limited
as they provide prevalence estimates for a limited number of allergies* * and do not consider

4,6-8, 52, 53

non-response bias, which may result in an over-representation of certain demographic

groups who may tend to report more allergies.

Given these limitations, we used data collected in the Canadian population-based SPAACE
(Surveying Prevalence of food Allergy in All Canadian Environments) study, which inquired
about allergies to several foods and obtained information from households who refused or could
not be reached to complete the study. This allowed us to: 1) provide population-weighted
prevalence estimates of allergy to any food, and 2) explore the influence of non-response bias on
prevalence by presenting a range of estimates using different assumptions about food allergy

prevalence among non-responders.
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Methods

Survey methodology

The SPAACE study was a random cross-Canada telephone survey conducted between
September 2010 and 2011, which targeted vulnerable Canadians (i.e., those of low income, New
Canadians, and of self-reported Aboriginal identity) using 2006 Canadian Census data (see
Chapter 111).%%® Households were telephoned and the initial adult respondent was queried using
the Food Allergy Prevalence Questionnaire (FAPQ) on whether any household member had an
allergy to peanut, tree nut, fish, shellfish, sesame, milk, egg, wheat, and/or soy, or other foods.*
Food allergy was defined as:

1) Perceived: individuals self-reporting any food allergy, and

91, 92

2) Probable: individuals self-reporting a convincing history and/or a physician diagnosis

of allergy to peanut, tree nut, fish, shellfish, sesame, milk, egg, wheat, and/or soy.

If the respondent refused to complete the FAPQ, the interviewer administered a much briefer
Refusal Questionnaire (RQ) that queried if any household member had an allergy and if present,
data on the household size, the respondent’s education, the food(s) to which the individual was

allergic, and whether the allergy was diagnosed by a doctor, were collected (see Appendix F).

Developing weighted estimates of prevalence

Point estimates and 95% credible intervals (Crls) for the prevalence of perceived and probable
allergy were weighted to account for the oversampling of vulnerable populations (see Chapter 111

for more details).*® Credible intervals are the Bayesian analogue to standard confidence intervals.
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Developing non-response bias estimates

To develop non-response bias-adjusted estimates of prevalence of perceived allergy to any food,
four groups were identified:

1) Full Participants: households who completed the FAPQ,

2) Refusal Questionnaire (RQ) Participants: households who completed the RQ only,

3) Non-Participants: households that were reached by telephone but refused to complete
either questionnaire, and

4) Never Reached Participants: households that could not be reached by telephone.

Food allergy data are available only from Full and RQ Participants. Multiple imputation (MI),

the gold standard for adjusting for missing data,**’

was used to adjust the estimates for non-
response bias resulting from missing food allergy data within the Non-Participants and the Never
Reached Participants by using a model that included observed data (Census Tract (CT) and
province of residence) to predict the missing data on the probability of food allergy.*?

A range of assumptions regarding the prevalence of food allergy in the Non-Participants and
Never Reached Participants were investigated. Compared with the prevalence in the RQ
Participants living in the same CT, the prevalence in the Non-Participants was assumed to be: 1)
half, 2) equal to, and 3) twice as large as the RQ Participants.

Compared with the prevalence of those in the same CT, the prevalence among the Never
Reached Participants was assumed to be: 1) equal to the Non-Participants, 2) a weighted

average of the Full, RQ, and Non-Participants, and 3) equal to the Full Participants (see

Appendix G for more details)
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MI was implemented via a hierarchical logistic regression model with four levels: individual,
household, CT, and province of residence. Weighting to account for the overrepresentation of
vulnerable populations could not be done in this analysis because demographic information was
only available for Full Participants. The analyses were performed using WinBUGS (version

1.4.3, MRC Biostatistics Unit, Cambridge, United Kingdom) (see to Appendix H).

Results

Participation rate

We telephoned 17,337 households of which 14,113 were actually reached. Of these 14,113
households, 1,351 were ineligible due to a language barrier or unavailability of an adult. Of the
12,762 eligible households, 5,734 households, representing 15,022 individuals, completed the
FAPQ (45% response rate, or 5,734 of 12,762) and were thus Full Participants, 524 households
completed the RQ (an additional 4%, or 524 of 12,762) and were thus RQ Participants, and the
remaining 6,504 households answered the telephone but refused to provide any information
(51%) and were thus Non-Participants. An additional 3,224 households were never reached, and

were thus Never Reached Participants.

Prevalence estimates

Among Full Participants, the unweighted self-reported (perceived) prevalence of allergy to any
food was 6.4% (6.0%, 6.8%). After weighting, this estimate increased to 7.5% (6.9%, 8.1%)

(Table VI).
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Compared with the Full Participants, the unweighted perceived prevalence of allergy to any
food was lower among the RQ Participants [6.4% (6.0%, 6.8%) versus 2.1% (1.4%, 2.9%)]
(Table VII). Applying the different assumptions regarding the prevalence of food allergy among
the Non-Participants and Never Reached Participants, nine selection bias-adjusted estimates
were obtained for the perceived prevalence of allergy to any food ranging from 3.0% (2.8%,

3.3%) to 5.4% (4.8%, 6.1%) (refer to Table VII and Appendix G).

Discussion

Comparison with previous studies

The unweighted perceived prevalence of food allergy in this study [6.4% (6.0%, 6.8%)] was less
than in our general population study conducted 2 years earlier [8.1%, 7.5%, 8.7%)]° but these
estimates are not directly comparable as our current study targeted vulnerable populations. The
weighted perceived prevalence in the current study [7.5% (6.9%, 8.1%)] is also lower than that
estimated in the NHANES study, a US population-based door-to-door survey conducted between
2007 and 2010 [9.0% (8.3%, 9.6%)].%® The NHANES survey is weighted for non-response in
general, but this weighting may not be sufficient to account for all possible non-response bias.®
However, our weighted perceived prevalence in children [6.9% (5.5%, 8.2%)] is similar to that
estimated by Gupta in a US population-based internet survey conducted between 2009 and 2010
[8.0% (7.7%, 8.3%)].>® Gupta’s study also used weights to adjust for potential biases from

sampling design and survey response.
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Limitations

Although our response rate was only 45%, (49% including the RQ Participants) other recent
studies on food allergy prevalence have reported similar response rates.* °* In fact, research has
shown that the majority of telephone surveys report response rates below 50%." In addition, the
information letter sent to participants prior to our telephone survey indicated (as required by our
ethics board) that those with food allergy might need to complete a slightly longer questionnaire.
It is possible, therefore, that those who participated were more likely to be allergic than those
who did not. We have considered this by creating various imputation models, which assume
different biases between responders and non-responders. Finally, we had to impute the number
of individuals in non-allergic households who completed the RQ because this information was

not requested as we wanted to optimize the response rate by asking only a single question.

Conclusions and future directions

We are the first to consider the effect of non-response bias in the estimation of food allergy
prevalence and have clearly demonstrated that doing so is crucial in developing accurate
estimates. Despite survey response rates dropping in recent years, surveys remain an important
methodology for population-based research. With low response rates, representativeness of
survey participants is an important issue which must be addressed. We explored a range of
assumptions for the prevalence of food allergy among Non-Participants and Never Reached
Participants and prevalence estimates ranged from 3.0% (2.8%, 3.3%) to 5.4% (4.8%, 6.1%).
Given that the prevalence (unweighted) among Full Participants was 6.4% (6.0%, 6.8%), it is
evident that non-response bias can substantially influence prevalence, and ignoring bias could

result in an overestimation. Our research highlights the importance of minimizing non-response
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bias in designing a study, while acknowledging that bias is likely present and should be

considered when performing the analysis.

79



Lianne Soller

260183842

488 Table VI: Weighted Perceived and Probable Prevalence Estimates of Food Allergy by age
489  group
490
Children, Adults, All ages
Under 18 18 and over (n=15,022)
(n=4,026) (n=10,996) | % (95% Crl)
% (95% Crl) | % (95% Crl)
Perceived
Peanut 24(1632) [07(0509) [1.1(09.13)
Tree nut 1.6 (1.0,2.3) 1.2 (0.9,1.5) 1.3(1.0,1.6)
Fish 1.0(0.31.8) |0.6(0.4,0.8) |0.7(0.50.9)
Shellfish |1.4(0.62.1) |19(1522) |1.7(142.0)
Sesame 0.1(0.0,0.3) |0.2(0.1,03) [0.2(0.1,0.3)
Milk 0.7(0.3,1.1) |0.7(0509) |0.7(05,0.9)
Egg 1.0(0.6,15) |05(0.3,0.7) |0.6(0.4,0.8)
Wheat 0.3(0.0,06) |0.4(0.20.6) |0.4(0.2,05)
Soy 0.1(0.0,0.3) |0.1(0.0,02) [0.1(0.1,0.2)
Other 2.2(153.0) |[35(3.04.0) [3.2(2.83.6)
Any 6.9(5.582) |7.7(6.984) |7.5(6.98.1)
Probable*
Peanut 2.2(1.42.9) [06(04,08) [1.0(0.7,1.2)
Treenut | 15(0.92.1) |1.0(0.81.3) |1.2(0.9,1.4)
Fish 0.9(0.3,1.6) |0.5(0.30.7) |0.6(0.4,0.8)
Shellfish | 0.8(0.4,1.2) |1.6(1.320) |1.4(1.21.7)
Sesame 0.1(0.0,0.3) |0.2(0.1,03) [0.2(0.1,0.3)
Milk 0.2(0.0,03) [0.2(0.1,0.3) |0.2(0.1,0.3)
Egg 1.0(0.515) |05(0.3,0.6) |0.6(0.4,0.8)
Wheat 0.2(0.0,05) [0.2(0.1,04) |0.2(0.1,0.4)
Soy 0.1(0.0,0.3) |0.1(0.0,02) [0.1(0.0,0.2)
491
492  *We only collected detailed information about food allergy to the nine common foods; therefore,
493  probable estimates for other foods and any food could not be calculated.

494
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Table VII: Non-adjusted and bias-adjusted prevalence estimates of perceived allergy to any food

81

NON-ADJUSTED

BIAS-ADJUSTED

Estimate Full Refusal Non-Participants, Never Reached All
Number Participants, Questionnaire NP Participants, participants
FP Participants, RQP (n=17,059%) NRP
(n=15,022) (n=1,393%*) % (95%Crl) (n=8,419%) (n=41,893)
% (95%Cr1) % (95%Cr1) % (95%Crl) % (95%Cr)
NRP same as NP
1 6.4 (6.0,6.8) 2.1(1.4,2.9) NP half RQP 1.0 (0.7,1.4) 1.1 (0.7,1.5) 3.0 (2.8,3.3)
2 6.4 (6.0,6.8) 2.1(1.4,2.9) NP same as RQP 2.1(1.4,2.8) 2.1(1.5,2.9) 3.7(3.24.2)
3 6.4 (6.0,6.8) 2.1(1.4,2.9) NP twice RQP 4.2 (2.8,5.7) 4.3 (2.9,5.9) 4.9 (4.1,5.9)
NRP mixture of FP, RQP,
and NP
4 6.4 (6.0,6.8) 2.1(1.4,2.9) NP half RQP 1.0 (0.7,1.4) 3.5(3.2,3.8) 3.5(3.2,3.8)
5 6.4 (6.0,6.8) 2.1(1.4,2.9) NP same as RQP 2.1(1.4,2.8) 4.0 (3.6,4.5) 4.0 (3.6,4.5)
6 6.4 (6.0,6.8) 2.1(1.4,2.9) NP twice RQP 4.2 (2.9,5.7) 5.1 (4.4,6.0) 5.1(4.45.9)
NRP same as FP
7 6.4 (6.0,6.8) 2.1(1.4,2.9) NP half RQP 1.0 (0.7,1.4) 6.4 (6.0,6.9) 4.1(3.8,4.4)
8 6.4 (6.0,6.8) 2.1(1.4,2.9) NP same as RQP 2.1(1.4,2.8) 6.4 (6.0,6.9) 4.5 (4.2,4.9)
9 6.4 (6.0,6.8) 2.1(1.4,2.9) NP twice RQP 4.2 (2.8,5.7) 6.4 (6.0,6.9) 5.4 (4.8,6.1)

*The number of people in all non-allergic households in the RQP group, and in all households in the NP and NRP groups, was

imputed using the distribution of the number of people in each household in the FP group.
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VI: LITERATURE REVIEW-PRESCRIPTION AND AVAILABILITY OF EPINEPHRINE

AUTO-INJECTORS

Introduction

Although immune modulatory therapies for food allergy appear promising, these likely will not
induce long term tolerance,** and food allergy will remain largely incurable. Those affected must
rely on strict avoidance of the offending food and rescue therapy with epinephrine. Failure to
administer epinephrine promptly after suspected ingestion of a food allergen can have severe and

even fatal consequences.™

Given that symptoms of anaphylaxis (a severe allergic reaction) can become life threatening
quite quickly, guidelines regarding the importance of an appropriate diagnosis and prescription
of the epinephrine auto-injector (EAI) have been published in many countries, including the
United Kingdom,**® Europe,'® the United States*® and Canada.’® These guidelines address the
need for a management and prevention plan for patients with food allergy. Specifically,
avoidance of the food allergen and nutrition counseling are recommended. In addition, age and
culturally-appropriate information on food allergen avoidance and emergency management of
allergic reactions should be provided, and a prescription for the EAI,, instructions on its use, and
the importance of having it readily available at all times, should be given at the time of

diagnosis.
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There is much evidence to suggest that these recommendations are often not practiced; a
substantial proportion of individuals who report food allergy have not been diagnosed by a
physician and are therefore not equipped with the knowledge or the tools necessary to prevent or
treat an allergic reaction. In fact, a national survey from the United States found that 74% of
children and only 44% of adults with peanut and/or tree nut allergy sought a diagnosis for food

allergy, and that less than half of these were given a prescription for an EAI.®

Unfortunately, even those individuals who visit a healthcare professional for their suspected food
allergy do not receive adequate information regarding the importance of avoiding the offending
food or a prescription for the EAI. Our previous population-based telephone survey found that
only 55% of Canadians diagnosed with peanut, tree nut, fish, shellfish and/or sesame allergy
self-reported having an EAI, and adults, male