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Abstract

Introduction

While seasonal influenza vaccination is recommended for individuals with asthma, uptake in

this population is low. We examined how self-rated health impacts reasons for not being

immunized against influenza in Canadian adults with asthma, focusing on those who have

never been immunized.

Methods

We pooled four cycles of the Canadian Community Health Survey (cycles 3.1(2005), 2007/

08, 2009/10 and 2011/12), grouping individuals by whether their reasons for not having

been vaccinated were perceptual or technical. We used a multivariable logistic regression

model, adjusted for confounders, to quantify the relationship between self-rated health and

their reported reasons for not vaccinating.

Results

Among the 9,836 respondents, 84.4% cited perceptual barriers as a reason for not being

vaccinated. After adjusting for socio-demographic characteristics and province of residence,

we determined that reporting perceptual barriers was associated with self-rated health sta-

tus, with the adjusted odds ratios ranging from 1.42 (95%CI: 0.97, 2.09) to 2.64 (95%CI:

1.74, 3.99) for fair and excellent health versus poor health, respectively. Each increase in

self-rated health category was associated with greater odds of citing a perceptual rather

than technical barrier as a reason for non-vaccination.

Discussion

Self-reported health influences people’s perception of the need for influenza vaccination.

Viewing the results through the lens of the precaution adoption process model suggests that

personalizing communication around both the risk of influenza and the effectiveness of the

vaccine may improve uptake amongst adults with asthma.
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Introduction

Influenza is a significant public health concern—an estimated 10 to 20% of the population is

infected each year, and though many recover from acute symptoms within a few days, some

develop serious illness requiring hospitalization [1,2]. In Canada, influenza is estimated to

cause more than 12,000 hospitalizations and 3,500 deaths annually [3]. Severe illness is most

common in the very young and elderly as well as those with chronic conditions, particularly

those with underlying respiratory conditions, including asthma [4]. Indeed, asthma is the

most common chronic condition observed in both adult and paediatric patients hospitalized

with influenza [4,5].

According to Statistics Canada, 2.2 million Canadian adults are living with asthma [6], rep-

resenting a large group of individuals at risk for influenza-related complications. Vaccination

remains the best preventive measure available and is offered at no charge across Canada to

individuals considered at high risk for complications [7]; however, reports from North Amer-

ica and Europe suggest that uptake of influenza vaccination amongst individuals with asthma

is low, ranging from 30 to 50%, and uptake in this group is lower than amongst individuals

with other chronic conditions [8].

Previous work has shown that individuals who perceive themselves as “healthy” are less

likely to participate in certain types of preventive health activities, such as blood pressure

checks, cholesterol testing, and influenza immunization—a phenomenon that holds true even

amongst those with chronic conditions [9,10]. Recently, Nowak et al. [11] found that individu-

als self-reporting good health were less likely to see a need for influenza vaccination, and some

with chronic conditions felt that managing their disease well negated the need for seasonal

influenza vaccination. Similarly, researchers have noted that self-rated health is one of the rea-

sons for poor uptake of annual influenza vaccination in individuals with asthma, where the

likelihood of vaccination decreases as self-rated health status improves [12].

Here we explore how self-rated health impacts attitudes towards influenza vaccination in

Canadian adults with asthma, for whom seasonal influenza vaccination is highly recom-

mended in all provinces and territories. Using Canadian Community Health Survey data, we

focus specifically on asthmatic adults who self-reported having never been immunized against

influenza. We group respondents into those who were not vaccinated because they perceived

it as unnecessary and those whose reasons for not vaccinating reflect technical barriers, such as

access to health care or fear of vaccination. While previous work has examined influenza vac-

cine uptake in defined age groups and in populations with particular chronic diseases [11,13–

15], no studies to date have focused specifically on Canadian adults with asthma and their rea-

sons for non-vaccination, specifically perceived versus technical barriers to immunization.

Methods

Study dataset

The Canadian Community Health Survey (CCHS) is a national population-based survey

administered by Statistics Canada that collects self-reported information on health status,

health service utilization, and determinants of population health. The CCHS uses a multistage,

stratified cluster design to target the household population aged 12 and older in all provinces

and territories, with approximately 98% of the Canadian population targeted for inclusion.

The remaining 2% not represented includes full-time members of the Canadian Forces, as well

as residents of institutions, reserves, and some remote areas. The analyses presented here used

Statistics Canada’s Public Use Microdata Files (PUMFs) [16] to create a combined dataset

spanning eight years (2005–2012) of the CCHS (n = 512,399). Prior to 2007, data collection
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occurred every two years, after which surveys were conducted annually with data released as a

two-year cycle. Cycles 3.1(2005), 2007/08, 2009/10, and 2011/12 were administered from Janu-

ary through December of the indicated cycle years, and have an average sample population of

128,100 participants, with person-level response rates ranging from 87.3% (2011/12) to 92.9%

(2005). We combined cycles to account for variation in vaccine uptake during and after pan-

demic influenza and respiratory outbreak years [17,18] using the pooled approach described

by Thomas and Wannell [19]. Further details of CCHS sampling and interviewing methods

are available from Statistics Canada [20].

Analytic sample

The sample consisted of respondents with a self-reported diagnosis of asthma and was limited

to adults between the ages of 18 and 64 –a population in which vaccination decisions are more

likely to be at the discretion of the individual and not influenced by health care providers, care-

givers or parents/guardians. We further limited our analysis to include only respondents indi-

cating that they have never been vaccinated against seasonal influenza. Those with invalid

responses (don’t know, refusal or not stated) for any of the study variables, including confound-

ers, were excluded. The final analytic sample consisted of 9,836 respondents (Fig 1).

Study variables

With respect to seasonal influenza vaccination, the CCHS asks, “Have you ever had a seasonal

flu shot?” Amongst those who responded that they have never been vaccinated against seasonal

influenza, the survey then asks about reasons for not vaccinating, giving respondents 15 possi-

ble reasons. We identified two responses–“have not gotten around to it” and “did not think it
was necessary”–which we together interpreted as perceptual barriers to vaccination, in other

words, respondents perceived seasonal influenza vaccination as “Unnecessary”. We reasoned

that asthmatic individuals reporting never having had a flu shot are consistently remaining

unvaccinated despite public health recommendations to the contrary, and thus stating their

reason as “have not gotten around to it” speaks to their perception of how necessary they feel it

is. The other 13 responses were grouped into the category of technical barriers to vaccination,

giving a dichotomous outcome variable of individuals reporting either perception- or techni-

cal-related barriers to vaccine uptake. Because CCHS permits multiple responses to this survey

question, we assigned respondents to the perceptual barrier group if they responded “have not
gotten around to it” and/or “did not think it was necessary”, even if they also reported one or

more of the technical barrier responses. Those in the technical barrier group responded No to

both “have not gotten around to it” and “did not think it was necessary” and Yes to any of the

other 13 possible responses.

Self-rated health has been demonstrated to be a valid indicator of health status and deemed

appropriate for use in general health surveys [21], thus our primary explanatory variable of

self-rated health was measured by the survey question, “In general, how would you say your

health is now?”. This was analyzed as an ordinal variable with five possible responses (poor,

fair, good, very good, or excellent).

Potential confounders identified a priori as risk factors for non-vaccination and associated

with self-rated health included age, sex, province or territory of residence, and socioeconomic

status—assessed through education level (less than secondary school, secondary school gradu-

ate, or some level of post-secondary education).

Reasons for non-vaccination

PLOS ONE | DOI:10.1371/journal.pone.0172117 February 16, 2017 3 / 12



Fig 1. Analytic sample. Selection of the final analytic sample, examining the association between self-reported health and the reasons for

non-vaccination against seasonal influenza among Canadian adults with asthma, using pooled CCHS cycles 3.1(2005), 2007/08, 2009/10,

2011/12. Invalid responses included don’t know, refusal, and not stated.

doi:10.1371/journal.pone.0172117.g001

Reasons for non-vaccination

PLOS ONE | DOI:10.1371/journal.pone.0172117 February 16, 2017 4 / 12



Analysis plan

Descriptive statistics were calculated for the total survey sample and by age, sex, province/terri-

tory, and educational background. Respondents excluded from the study due to invalid

responses were compared to those remaining in the analytic sample using chi-square tests to

assess potential bias due to missing data. A multivariable logistic regression model was con-

structed to investigate the relationship between self-rated health and reasons for never having

been immunized against influenza.

The pooled dataset was analyzed using SAS, University Edition (SAS Institute Inc., Cary,

NC). Probability sampling weights provided by Statistics Canada were applied to all analyses,

in a manner appropriate for a pooled dataset [19], to account for the unequal probabilities of

selection and nonresponse. Ethics approval for this study was covered by item 7.10.3 of the

University of British Columbia’s Policy No. 89: Research Involving Human Participants, a

clause governing the use of publicly available data sets [22].

Results

Of 346,129 CCHS respondents aged 18 to 64 years, the (weighted) prevalence of asthma was

8.0%–a rate comparable to estimated asthma prevalence in the United States [23]. Amongst

these adults with asthma (29,608), 36.3% reported never having had a flu shot, giving a pool of

10,159 eligible participants. Due to invalid responses to study variables, 323 respondents were

excluded, resulting in a final analytic study sample of 9,836 respondents (Fig 1). Compared

with respondents who remained in the analytical sample, those who were excluded were

more likely to be male (p = 0.031), and have a self-rated health status of very good or poor

(p = 0.033). The two groups did not differ significantly in age, education, or in their distribu-

tions across provinces/territories.

Table 1 shows the demographics of the overall study sample, as well as the two groups

defined by our outcome variable—those adults with asthma who were unvaccinated because of

perceptual barriers and those who were unvaccinated for one or more of the other, technical,

reasons given in Table 2. The overall study sample had a higher proportion of females than

males– 57.1% and 42.9%, respectively—and across the outcome variable was equally distrib-

uted across age groups, with the exception of respondents in the oldest age category (55 to 64

years) who were slightly under-represented (11.1%). The majority of respondents (69.6%) had

at least some post-secondary education.

Overall, 74.8% adults with asthma who had not been vaccinated against seasonal influenza

chose “not necessary” as a reason for non-vaccination, and 11.7% selected “not gotten around to
it”, giving a total of 84.4% of respondents reporting a perceptual barrier to vaccination (Tables

1 and 2). With respect to potential confounders, the frequency of perceptual barriers as a rea-

son for non-vaccination was higher in males, respondents under 55 years, those with second-

ary school education, and residents of the province of Alberta. Amongst our study population,

85.9% of individuals rated their overall health as good, very good or excellent, and those

reporting a health status of excellent or very good were most likely to report a perception that

influenza vaccination was not necessary (87.9% and 87.7%, respectively) (Table 1).

We then used multivariable logistic regression to examine the relationship between self-

rated health status and reasons for non-vaccination against seasonal influenza. In the unad-

justed regression model (Table 3), the odds of reporting perceptual barriers to vaccination was

associated with higher improved self-rated health in a stepwise manner—the odds increased

with each increase in self-rated health status. The association ranged from an odds ratio of

1.50 (95%CI: 1.02, 2.21) for fair versus poor self-rated health to 2.93 (95%CI: 1.96, 4.39) for

excellent health versus poor health. After adjusting for confounding, the multivariable model

Reasons for non-vaccination
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(Table 3) revealed a comparable, although slightly attenuated, result in which the odds of per-

ceiving vaccination as unnecessary ranged from 1.42 (95%CI: 0.97, 2.09) to 2.64 (95%CI: 1.74,

3.99) for fair through excellent health versus poor health, respectively.

Examining the confounders revealed that living in a province outside of Ontario (except

Newfoundland, Nova Scotia and the territories) was positively associated with perceiving sea-

sonal influenza vaccination as unnecessary. This may be due in part to Ontario’s early (July,

2000) introduction of a universal influenza vaccination program (vaccine is offered free to all

residents), compared to other provinces that did not adopt this approach until after pandemic

(H1N1) influenza in 2009, or those who have yet to implement a universal program [7].

Table 1. Characteristics of Canadian Community Health Survey pooled CCHS cycles 3.1(2005), 2007/08, 2009/10, 2011/12, examining the associa-

tion between self-reported health and the reasons for non-vaccination against seasonal influenza among Canadian adults with asthma.

Overall Study Sample Study Sample by No Flu Shot Reason: “Unnecessary”

%* Yes %* No

n = 9,836 %* n = 8,135 (84.4%) n = 1,701 (15.6%)

Self-rated Health

Poor 469 3.6 71.2 28.8

Fair 1,187 10.5 78.8 21.2

Good 3,256 33.2 82.2 17.8

Very Good 3,510 36.3 87.7 12.3

Excellent 1,414 16.5 87.9 12.1

Sex

Female 5,869 57.1 81.3 18.7

Male 3,967 42.9 88.6 11.4

Age

18–24 years 1848 21.5 85.1 14.9

25–34 years 2546 26.2 85.5 14.5

35–44 years 2109 21.1 84.4 15.6

45–54 years 1851 20.1 85.7 14.3

55–64 years 1482 11.1 78.1 21.9

Province/Territory

Newfoundland/Labrador 350 1.7 81.0 19.0

Prince Edward Island 166 0.5 84.7 15.3

Nova Scotia 288 2.1 79.4 20.6

New Brunswick 420 2.3 83.3 16.7

Quebec 2525 31.4 86.0 14.0

Ontario 2714 32.1 82.2 17.8

Manitoba 582 4.0 86.0 14.0

Saskatchewan 597 3.0 86.8 13.2

Alberta 908 10.5 89.1 10.9

British Columbia 1091 12.2 82.6 17.4

Yukon/Northwest/Nunavut 195 0.2 80.7 19.3

Education (individual)

Less than secondary 1,649 13.5 82.7 17.3

Secondary 1,737 16.9 84.8 15.2

Post-secondary 6,450 69.6 84.6 15.4

*Percentages are weighted to the Canadian population to account for CCHS multistage stratified sampling strategy

doi:10.1371/journal.pone.0172117.t001
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Respondents aged 55 to 64, and those with higher education were less likely to report percep-

tual barriers as a reason for not being vaccinated.

Because the CCHS permits respondents to select multiple responses to the question regard-

ing non-vaccination, we also investigated how these multiple responses might affect our con-

clusions. We created a third outcome variable–“both”–to capture the 3.5% of respondents who

answered Yes to “not necessary” or “not gotten around to it” as well as Yes to any of the other

thirteen, more technical reasons. The main effect estimates resulting from this multinomial

model were virtually identical to those from the binomial logistic regression, varying by 0.02

points or less (see S1 Table in supplement).

Discussion

Summary of main findings

Individuals with asthma, even those with mild asthma and those who are managing their

symptoms well with medication, are at increased risk of influenza-related complications [24].

Despite public health efforts to target these and other high-risk individuals for seasonal influ-

enza vaccination, approximately one-third of Canadian adults with asthma have never been

vaccinated against influenza. Using Canadian Community Health Survey data, we undertook

the first representative, population-based study of adults with asthma in Canada to explore

their reasons for non-vaccination.

We found that amongst adults with asthma who had never been vaccinated against influ-

enza, self-rated health status is strongly associated with reporting a perceptual barrier to vacci-

nation, even when controlling for age, sex, province/territory, and education level, and that

this relationship shows a stepwise trend, with increasing odds of perceiving vaccination as

unnecessary with each successive increase in the level of self-rated health. This suggests that

Table 2. Reasons for non-vaccination in adults (aged 18–64) with asthma who have never had a flu

shot (n = 9,836).

Number Frequency (%)*

Reason†

Respondent did not think it was necessary 7,214 74.8

Have not gotten around to it 1,116 11.7

Fear 717 7.1

Doctor did not think it was necessary 326 2.8

Bad reaction to previous shot 314 2.7

Did not know where to go 75 1.0

Cost 67 0.7

Not available when required 43 0.6

Personal or family responsibilities 41 0.3

Waiting time was too long 28 0.3

Unable to leave house because of health problem 24 0.3

Not available in area 18 0.1

Transportation problems 8 0.0

Language problems 0 0.0

Other 502 4.2

*Percentages are weighted to the Canadian population to account for CCHS multistage stratified sampling

strategy
† Not mutually exclusive, participants could select more than one reason

doi:10.1371/journal.pone.0172117.t002
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the healthier one perceives themselves, the more likely they are to believe that they do not need

to be vaccinated, a trend also observed in research from the United States Behavioral Risk Fac-

tor Surveillance System involving adults with asthma who had not been vaccinated in the pre-

vious influenza season [12]. Our findings align with those of a previous study exploring

influenza vaccination amongst household contacts of young children, and of children with cys-

tic fibrosis—both high-risk groups for whom vaccination of household contacts is recom-

mended. Household contacts cited being “too healthy” as a primary reason for not vaccinating

[25]. Similarly a meta-analysis of qualitative studies on influenza vaccination knowledge, atti-

tudes, and beliefs indicated that some individuals with chronic conditions believe seasonal

influenza vaccination isn’t needed if their condition is well-managed, with some unaware that

their condition placed them at higher risk for complications due to influenza [11]. Amongst

Table 3. Logistic regression analyses of the relationship between self-rated health and the reasons

for non-vaccination (Unnecessary–Yes vs. No), against seasonal influenza among Canadian adults

with asthma, Canadian Community Health Survey pooled cycles 3.1(2005), 2007/08, 2009/10, 2011/12.

Unadjusted OR (95% CI) Adjusted OR (95% CI)

Self-rated Health

Poor Reference Reference

Fair 1.50 (1.02, 2.21) 1.42 (0.97, 2.09)

Good 1.87 (1.34, 2.62) 1.67 (1.19, 2.34)

Very Good 2.89 (2.06, 4.06) 2.60 (1.84, 3.67)

Excellent 2.93 (1.96, 4.39) 2.64 (1.74, 3.99)

Sex

Female Reference Reference

Male 1.79 (1.46, 2.16) 1.78 (1.47, 2.15)

Age

18–24 years Reference Reference

25–34 years 1.03 (0.79, 1.35) 1.06 (0.80, 1.41)

35–44 years 0.95 (0.72, 1.25) 1.00 (0.76, 1.32)

45–54 years 1.05 (0.79, 1.39) 1.16 (0.87, 1.56)

55–64 years 0.62 (0.47, 0.83) 0.73 (0.54, 0.98)

Province/Territory

Newfoundland/Labrador 0.93 (0.61, 1.42) 0.92 (0.59, 1.43)

Prince Edward Island 1.20 (0.65, 2.22) 1.24 (0.66, 2.34)

Nova Scotia 0.84 (0.57, 1.23) 0.88 (0.59, 1.31)

New Brunswick 1.09 (0.74, 1.60) 1.15 (0.78, 1.70)

Quebec 1.33 (1.06, 1.68) 1.34 (1.06, 1.69)

Ontario Reference Reference

Manitoba 1.33 (0.92, 1.92) 1.31 (0.90, 1.92)

Saskatchewan 1.43 (1.02, 2.01) 1.36 (0.97, 1.90)

Alberta 1.77 (1.28, 2.45) 1.68 (1.22, 2.32)

British Columbia 1.03 (0.77, 1.38) 1.03 (0.76, 1.38)

Yukon/Northwest/Nunavut 0.91 (0.48, 1.71) 0.95 (0.51, 1.77)

Education (individual)

Less than secondary Reference Reference

Secondary graduate 1.16 (0.87, 1.56) 1.00 (0.74, 1.36)

Post-secondary 1.15 (0.91, 1.44) 0.95 (0.74, 1.22)

Abbreviations: OR—Odds ratio, CI—Confidence interval

doi:10.1371/journal.pone.0172117.t003
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the general population, those who perceive themselves to be in good health often expressed the

sentiment that seasonal influenza vaccination is either “not necessary” or “optional” [11].

Strengths and limitations of the study

The CCHS’ national sampling methodology results in a large survey dataset representative of

the Canadian population and is the main strength of this analysis, limiting bias and providing

external validity. Furthermore, the confounders—all of which were self-reported—demon-

strated associations in the direction expected, adding face validity to the relationship between

self-reported health and perceptual barriers to vaccination. However, there are several limita-

tions that should be considered, including the important point that the CCHS is a broad survey

and is not designed to specifically examine attitudes or beliefs towards influenza vaccination.

First, the reliability of self-reported influenza vaccination status has not been well-

described. Two studies have indicated that it is a highly sensitive and moderately specific mea-

sure for flu vaccination status in elderly patients [26,27]. In our study, which included work-

ing-age adults, we noted several instances of misclassification, with some respondents (2.7%)

who stated that they had never been vaccinated against influenza also reporting having a bad

reaction to a previous influenza vaccine. This suggests that some responses in our survey may

represent reasons for non-vaccination in the previous influenza season rather than reasons for

not ever having been vaccinated. Additionally, individuals who had been vaccinated in the

past may be more likely to choose reasons other than “Unnecessary” and bias the estimate

towards the null. However, given that the response to “Have you ever had a flu shot?” was nei-

ther the outcome nor explanatory variable, and the number of misclassified responses repre-

sented a relatively small proportion of the study sample, we believe this is unlikely to have had

a significant effect on our estimates.

Second, CCHS respondents were permitted to select multiple reasons for not having been

vaccinated against influenza, and we were unable to determine which was the primary reason.

To address this uncertainty, we undertook additional analyses that incorporated a third out-

come variable and determined that the overlap in selecting multiple reasons had no effect on

the odds ratios calculated. Furthermore, the same association with self-rated health was

observed in those who selected multiple reasons for non-vaccination, where at least one of

these reasons fell under our classification of “Unnecessary”, suggesting that this belief was likely

the primary factor driving an individual’s decision not to vaccinate. Conceptually this makes

sense, many of the other possible CCHS responses are likely to vary from year to year, such as

“personal or family responsibilities” or “not available at time required”, and may represent an

individual’s reason for non-vaccination during the most recent influenza season; however, it is

likely the belief that influenza vaccination is unnecessary that drive individuals never having

been immunized against influenza.

Finally, we note that self-reported asthma is not a perfect proxy for a clinical diagnosis. The

CCHS questions pertaining to self-reported asthma have not been tested for reliability or valid-

ity, although studies suggest there is good agreement between medical records and self-

reported asthma, with a mean sensitivity of 68% (range 48–100%) and mean specificity of 94%

(range 78–100%) when comparing self-reported asthma to a clinical diagnosis [28–30]. Two

longitudinal studies assessing reliability indicate that recall of asthma is high but may be biased

with respect to disease severity, with under-reporting from those with mild asthma [31,32].

Consequently, the respondents included in our study may not be fully representative of all

asthma patients across Canada. However, bias would only be introduced into our study if

there were correlation between likelihood of self-identification as asthmatic and mis-reporting

of vaccination status. While possible we have no evidence to suggest that this is the case.

Reasons for non-vaccination
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Implications for clinical practice

Many individuals with chronic conditions attempt to “normalize” their condition, developing

ways to manage and adapt to symptoms [33], which may explain the high proportion of adults

with asthma who self-rated their health as good to excellent and who, in turn, perceive influ-

enza vaccination as unnecessary. The Precaution Adoption Process Model described by Wein-

stein [34] provides a framework for understanding how we might change this perception. The

model describes seven stages through which people progress when making a health-related

decision, being unaware of an issue (stage 1), to aware but unengaged (stage 2), to acting on

that issue (stage 6), to maintaining that action (stage 7). Here, our desired action is vaccination,

with our respondents largely in stage 2 –aware of the importance of influenza vaccination but

not yet seeing how the issue is relevant to them. Different factors stimulate the transition

between each stage, with factors including personal experience with an issue, communications

from significant others, recommendations from trusted individuals, and beliefs about personal

susceptibility to illness and the effectiveness of the suggested intervention [35], motivating

progress out of stage 2 towards deciding to vaccinate. Given that primary healthcare providers

have a great deal of influence in the vaccination decisions of their patients [36], encouraging

physicians to personalize the risks of non-vaccination to their patients with asthma, to recom-

mend vaccination, and to provide information on the effectiveness of influenza vaccination in

asthmatic adults might be the best strategy. Because nearly 16% of Canadians do not have a

regular medical doctor [37], mass media-based awareness campaigns may also motivate the

decision to act, and ultimately increase the rate of vaccination in this vulnerable group of

individuals.

Supporting information

S1 Table. Binomial and multinomial logistic regression analyses of the relationship

between self-rated health and the reasons for non-vaccination (Unnecessary–Yes vs. No
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