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Abstract

Widespread vaccination acceptance is of critical import to society dealing with the
continuing aftermath of the COVID-19 pandemic. The risky behaviours that predict
whether individuals vaccinate for seasonal influenza can help policymakers fash-
ion plans to improve vaccination rates and more reliably establish herd immunity.
To this end, Canadian Community Health Survey (CCHS) data were employed to
determine how an individual’s choice to engage in various risky behaviours relates
with the likelihood that the same individual gets the seasonal influenza vaccine.
Controls were included for demographic, geographic, and health insurance factors.
In addition to controlling for these factors, regressions were further stratified based
upon gender, the presence of children in the home, and age. I found that excess sun
exposure, poor oral hygiene, smoking, and unhealthy diet choices correlated with
reduced vaccination probability—both over the subsequent year and for that indi-
vidual’s lifetime. These results have important implications for properly targeting
individuals for widespread vaccinations.
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1 Introduction and background

On March 11, 2020, the World Health Organization declared COVID-19, a poten-
tially life-threatening respiratory disease caused by a novel coronavirus, to be a
worldwide pandemic. While the responses of governments around the globe, which
included mandated social distancing, quarantines, and the closing of borders, may
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have seemed unthinkable just months before, many epidemiologists and those
charged with disaster preparedness had long anticipated the grim possibility of a
novel contagion against which the population had no previous immunity. The pre-
sent situation highlights the need for a robust policy to help maximize vaccine adop-
tion for all viruses, and particularly those looming strains of seasonal influenza that
still cause hundreds of thousands of deaths annually.

The present analysis focuses on a variety of risky behaviours and how they cor-
relate with the tendency to receive the seasonal influenza vaccination. Due to the
particularly rich and recent dataset on these issues in Canada, I have focused the
analysis there, with implications easily transferrable to vaccination more generally.

1.1 Background

In an interesting recent paper by Walter, Ophir and Jamieson (2020) the authors
showed that Twitter bots programmed to exhibit pro- or anti-Trump feelings dis-
played clear polarization on the issue of vaccinations. Similarly, older individuals
appear more likely to get the influenza vaccine when it is covered in the news (Yoo
et al., 2010), and “framing” vaccinations in a certain way can affect whether an indi-
vidual chooses to get it, such as the one for HPV (LeFevre et al., 2016; Nan, Zie, &
Madden, 2012). On the other hand, there are limits to the persuasive power of new
information, as in a study of college students who did not change their minds from
their initial vaccination stances (Bronchetti, Huffman, & Magenheim, 2015). How-
ever, they did seem to respond to financial incentives, and, similarly, physicians have
been observed to vaccinate more patients after either they or the patients were given
financial renumeration (Ibuka & Bessa, 2016; Kontopantelis et al., 2012). It is also
important that the information presented be as accurate as possible (Robra & Felder,
2020). A recent study (Murphy et al., 2021) on the complex psychological processes
that undergird vaccine hesitancy show that many factors are implicated, including
perceived locus of control, belief system, and trust of authority figures.

While causal relationships are complicated and cannot be inferred from this data,
the present analysis makes some initial inroads in answering the question of whether
individuals who engage in risky behaviours also tend to get vaccinated less often.!
In the context of the preceding background information, the purpose of this study
can be seen as identifying relevant populations for informational targeting to create
positive frames and ultimately establishing herd immunity.

! As an aside, notice that some of these risky behaviors can be considered from a lack of control per-
spective in behavioral economics (Burnham and Phelan, 2020).
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2 Materials and methods
2.1 Data

Data for this study come from the 2015-2016 self-reported Canadian Commu-
nity Health Survey (CCHS). The CCHS is a cross-sectional survey that collects
information related to health status, healthcare utilization, and health determi-
nants for the Canadian population. The CCHS covers individuals aged 12 and
older who are living within the 10 provinces or the 3 territories. It relies upon a
large sample of respondents and is designed to provide reliable health estimates
at the region level every 2 years. The survey began collecting data in 2001, and
was repeated every 2 years until 2005. Starting in 2007, data for the CCHS were
collected annually instead of every 2 years. While a sample of approximately
130,000 respondents were interviewed during the reference periods of 2001, 2003
and 2005, the sample size was changed to 65,000 respondents each year starting
in 2007.

In terms of access, all researchers with a university affiliation at the Data Lib-
eration Initiative in Canada can obtain the data. The dataset was chosen due to its
detailed information on the demographic characteristics of the individuals filling
out the survey, risky individual behaviours, and specific choices regarding influ-
enza vaccination. There are few comparable recent surveys available anywhere
in the world. Finally, with respect to the concern that respondents do not always
honestly report their vaccination status, recent work indicates that individual ret-
rospective answers on this question are fairly accurate (Smolinski et al., 2015).

In terms of demographics, individuals were asked their age, income, marital sta-
tus, gender, whether children of school-age are present in the home, province of resi-
dence, highest education achieved, as well as other factors not employed here.

Respondents were also asked about their dental insurance situation, since it
is not covered by the Canada Health Act. Since essentially everyone residing in
Canada is covered by a health insurance plan provided by their province, I cannot
employ differentiation as in Courtemanche et al (2018). To examine the effect of
out-of-pocket healthcare costs on risk taking. Instead, I use dental insurance as
an additional indicator of income security—while also using income itself, since
dental insurance is often paid for by employers, or can be purchased indepen-
dently by individuals if not offered at their workplace.

To determine risky behaviours, the following definitions were employed:

e Hazardous Driving any of (a) had and drove a motorcycle, (b) texted all the
time, or (c) drove more than three times in the last twelve months when they
were either tired, had too much to drink, or used illicit substances.

e Unprotected Sports rarely or never wore the necessary safety equipment for
any of bicycling, roller blading, skiing, snowboarding, skateboarding, ice
hockey, or inline skating.

e FExcessive Sun Exposure any of (a) had a sunburn in the last twelve months,
(b) spent more than 2 h regularly in the sun during peak (10 a.m. to 4 p.m.) in
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Fig. 1 Fraction engaging in risky behaviors

the summer, (c) rarely or never sought shade in the sun in summer, wore sun-
glasses, or used sunscreen, (d) used a tanning bed this year, or (e) generally
didn’t protect themselves from the sun.

e Poor Dental hygiene did not brush and floss at least once a day.

e Alcohol drank regularly or had more than 10 drinks a week on a regular basis.

e Jllicit drug use engaged in any illegal drug use at any point during their lifetime
(marijuana excepted).

e  Smoking considered themselves daily or occasional smokers or used any smok-
ing-related items including cigars, electronic cigarettes, pipes, chewing tobacco,
or tobacco water pipes.

e Risky Sex did not use protection of any form when not in a monogamous rela-
tionship or expecting a child (emergency contraceptives excluded).

e Poor Diet did not plan meals based on nutritional guidelines or avoided unhealthy
foods.

Figure 1 displays the specific fraction of individuals who engaged in each of the
risky behaviours listed above. It is apparent that few individuals rigorously follow
health guidelines, since many individuals drink, smoke, and/or do not properly care
for their teeth. On the other hand, very few individuals display excessive sun expo-
sure, risky driving, or play sports without protective equipment. Nevertheless, the
fractions are reasonable and not so extreme so that they cannot yield useful results in
the regression analysis that follows.

Individuals were asked whether they had “ever” received a flu shot, and, those
who answered in the affirmative were further asked to date their most recent flu shot
as having occurred within the last year (now), up to 2 years ago, or greater than
2 years prior. As seen in Fig. 2, there was some variation by province in the per-
centage of individuals who had ever received a flu shot, with Quebec (50%) lagging
behind Ontario by 17 percentage points, and Prince Edward Island by 24. This clear
variation by location confirmed the need to control for province of residence in the
later portion of this analysis.
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In terms of the control variables, Table 1 displays the means of variables
employed in the analysis. With an average age of 49, and with 54% Female, the sam-
ple is approximately what one would expect for an analysis of this form. It should be
noted that a somewhat larger fraction of the sample than typical has completed post-
secondary education (56%), over half are married or cohabiting, and only 11% have
dental insurance.” This likely reflects differences for Canada in particular.

2.2 Structure

The main research question this work addresses is whether engaging in riskier
behaviours was positively or negatively correlated with the chance of obtaining the
vaccination for seasonal influenza. I considered both recent influenza vaccinations
and whether an individual had “ever received a flu shot”.

In addition to examining the choice of risky behaviours in detail, I controlled for
each of the demographic factors listed previously (income, education, age and age
squared, marital status, presence of children, and gender) as well as province and
access to dental insurance. Regression analyses were performed using a linearized

2 The sample size (N) ranges from 106,002 to 109,659 depending on responses for that particular ques-
tion—regressions are drawn from a slightly smaller sample.
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Ordinary Least Squares (OLS) regression to predict the likelihood of influenza vac-
cinations based on the presence or absence—or the levels when the variable was
continuous—of all of the previous listed variables. Marginal Probit regressions were
also performed in robustness analyses and yielded virtually identical patterns.

Table 1 Control variable means

Dental Insurance 11%
Income < $20K 10%
$20K < Income < $40K 19%
$40K < Income < $60K 17%
$60K < Income < $80K 14%
$80K < Income 41%
Female 54%
Has Kids 20%
Married or Cohabiting 51%
Divorced/Widowed/Separated 20%
Single (marital status) 29%
Age 48.95
Educ: Didn’t Complete Secondary School 23%
Educ: Didn’t Complete Post-Secondary School 21%
Educ: Completed Secondary School 56%

3 Results
3.1 Regressions

After controlling for demographics and province, Tables 2 and 3 show how risky
behaviours predict an individual’s tendency to either receive a vaccination for influ-
enza in the previous year or ever in their lifetime. Regressions are stratified by age
(all ages versus over 27 years old), gender, and whether an individual has children
present in the home, as well as controlling for those variables when possible—i.e.
when not stratifying (coefficients results available upon request).?

Table 2 uses OLS regressions and reveals that several risky behaviours have a sta-
tistically significant (five percent or one percent) relationship with having received
a flu shot in the past year. The size of the sample is relatively large, with 104,594

3 Due to a concern that multicollinearity might bias the results, a full correlation matrix was constructed
including all of the different risky variables. Of the 36 entries, only 6 correlations exceeded 0.2 (magni-
tude), and only 2 of these 6 exceeded 0.3. In particular, there was a—0.3693 correlation between risky
sex and using drugs, and a—0.3587 correlation between risky sun exposure and riskier food choices. I
considered this within reasonable bounds to continue to include the variables jointly in the analysis.
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Table 2 Risky behaviors and having a flu shot this year

AGE ALL >27 >27 >27 >27 >27
GENDER ALL ALL MALE FEMALE ALL ALL
FAMILIES ALL ALL ALL ALL NOKIDS HAVE KIDS
[1] (2] (3] [4] (5] (6]
Riskier Diet -0.054 —0.058 —0.065 —0.058 —0.066 —0.038
[11.96]**  [11.64]**  [8.83]** [8.36]** [11.60]**  [3.58]**
Smoking —-0.057 —0.06 —0.068 —-0.049 —0.065 —-0.036
[15.54]**  [15.06]**  [12.59]**  [8.57]** [14.57]%*  [4.05]**
Riskier Sex 0.022 0.022 0.028 0.015 0.024 —0.001
[5.03]** [4.55]** [4.11]%* [2.12]* [4.70]*%* [0.10]
Riskier Drinking —0.001 0 —0.008 0.006 0.004 -0.018
[0.36] [0.13] [1.57] [1.43] [1.17] [2.39]*
Drug Use (illicit) —0.007 —0.006 —-0.002 —0.009 —0.005 —0.011
[2.23]* [1.58] [0.43] [1.78] [1.33] [1.54]
Riskier Sun Acts —0.028 —0.028 -0.036 -0.032 -0.026 —0.038
[6.50]** [6.21]%* [4.98]** [5.27]*%* [5.21]** [3.07]**
Riskier Teeth Care —0.046 —0.042 —0.049 —0.024 —0.035 —0.063
[5.11]%* [4.13]** [3.80]** [1.48] [3.09]** [2.98]**
Riskier Driving —0.031 -0.018 —-0.022 0.012 —-0.018 -0.022
[2.93]** [1.59] [1.54] [0.60] [1.36] [1.03]
Riskier Sports Eqpt ~ —0.022 -0.034 -0.019 —0.045 —-0.033 —-0.056
[2.64]%* [3.56]** [1.49] [2.98]** [2.76]** [3.26]**
Constant 0.389 0.392 0.445 0.434 0.351 0.398
[29.87]**  [19.04]**  [14.90]**  [1531]**  [15.31]**  [6.83]**
R? 0.15 0.15 0.17 0.12 0.15 0.05
N 104,594 89,550 40,475 49,075 72,683 16,867

Coefficients are displayed with t-statistics below in brackets. Additional binary controls were included
for each of the provinces, income groupings, whether the individual had dental insurance or not, marital
status in three categories, education in three categories, and a continuous variable for age and its square

*Significant at the 5% level and **significant at the 1% level

observations in the first group. Having excessive sun exposure, poor oral hygiene
at home, playing sports without protection, making bad diet choices, risky sex, and
smoking all make it more likely that the individual did not receive the flu shot in the
previous year. Risky driving and illicit drug use each have a relationship with flu
vaccines only when considering younger, but not older individuals.

Table 3 repeats the analysis from Table 2, but with the outcome of having ever
received a flu shot rather than, just in the past year. The patterns are similar to the
previous section, with, once again, subpar oral hygiene, smoking, and bad diet
choices predicting a smaller chance for influenza vaccinations.

On the other hand, the safe use of sports equipment no longer appears significant.
In the longer term, it is also true that riskier sex behaviours seem to predict less vac-
cinations rather than more, and, interestingly, illicit drug use consistently makes it
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Table 3 Risky behaviors and “Ever” having a flu shot

AGE ALL >27 >27 >27 >27 >27
GENDER ALL ALL MALE FEMALE ALL ALL
FAMILIES ALL ALL ALL ALL NOKIDS HAVE KIDS
[11 (2] (3] [4] (5] (6]
Riskier Diet -0.072 -0.074 -0.076 -0.077 -0.077 —0.067
[15.31]**  [14.42]%*  [9.64]** [11.17]%*  [13.45]**  [5.65]**
Smoking —0.048 —0.051 -0.07 —-0.032 —0.056 -0.03
[12.30]**  [12.56]**  [12.03]**  [5.57]** [12.37]%*  [3.07]**
Riskier Sex —-0.018 -0.012 —-0.01 —-0.015 —0.009 —0.045
[4.01]*%* [2.36]* [1.29] [2.25]* [1.66] [2.80]**
Riskier Drinking 0.008 0.008 —0.004 0.016 0.007 0.006
[2.44]* [2.25]* [0.75] [3.53]** [1.83] [0.70]
Drug Use (illicit) 0.019 0.022 0.022 0.023 0.019 0.029
[5.58]** [5.99]** [4.17]*%* [4.47]** [4.57]** [3.59]**
Riskier Sun Acts —0.015 -0.014 -0.013 -0.019 -0.014 -0.002
[3.24]*%* [2.92]** [1.66] [3.25]** [2.71]** [0.13]
Riskier Teeth Care -0.074 —0.065 —0.062 —0.058 —-0.057 —0.089
[7.72]%* [6.27]%* [4.47]%* [3.60]** [4.96]** [3.80]**
Riskier Driving —0.026 -0.015 —0.005 —0.009 -0.016 —-0.017
[2.33]* [1.28] [0.36] [0.44] [1.18] [0.70]
Riskier Sports Eqpt 0 —0.009 0.009 —0.025 -0.012 -0.022
[0.02] [0.88] [0.69] [1.65] [1.03] [1.17]
Constant 0.774 0.72 0.844 0.676 0.718 0.588
[56.48]**  [34.00]**  [26.21]**  [24.07]**  [30.91]**  [9.13]**
R? 0.07 0.08 0.09 0.07 0.09 0.05
N 104,594 89,550 40,475 49,075 72,683 16,867

Coefficients are displayed with t-statistics below in brackets. Additional binary controls were included
for each of the provinces, income groupings, whether the individual had dental insurance or not, marital
status in three categories, education in three categories, and a continuous variable for age and its square

*Significant at the 5% level and **significant at the 1% level

more likely that an individual will ever have a vaccination for influenza. This may
be because those individuals are more likely to be engaged by the healthcare system
due to issues stemming from risky sexual behaviour and may subsequently be asked
about vaccinations during their interactions with providers.*

* In an additional test, Quebec was separately compared to Ontario for both the outcome of “ever having
a flu shot” as well as “having a flu shot this year.” In all cases, smoking and poor diet choices negatively
affected the likelihood of vaccination. Excessive sun exposure negatively affected the likelihood of vacci-
nation in both provinces on a yearly, but not on a lifetime, basis—similarly to the full regression results.
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4 Discussion

This work employed CCHS data to identify the risky actions that help predict
the likelihood that an individual will choose to partake in the seasonal influenza
vaccine. Excessive sun exposure, poor oral hygiene, smoking, and unhealthy
diet choices made vaccinations less likely in both the previous year and over the
course of a lifetime. These patterns were confirmed in robustness analyses that
used different functional forms. The findings imply clear relationships between
an individual’s choice to engage in risky behaviours and their decision to forego
vaccination.

The present results also concord with others in the literature. For example,
Buchan and Kwong (2016) employed the CCHS and found that vaccination var-
ied by province, and that it was less likely among older individuals (Hanoch,
Rolison, & Freund, 2016)—with the present analysis having age show a positive
coefficient and a negative quadratic.

The findings of the present analysis also agree with those of Dick and Nor-
dstrom (2016), who used the CCHS to show that smoking was negatively cor-
related with the likelihood of vaccination. Those authors also found that marital
status and having young children affected the prevalence of vaccinations, as seen
here. However, their analysis imposed a Random Forest Machine Learning Model
and used all the data without any a priori justification for the variables. This
approach is sometimes useful, but it is susceptible to multicollinearity problems
and can yield results that lack interpretability.

Regarding drinking, French, Ettner and Popovici (2010) were able to caus-
ally demonstrate that alcohol affected risk-taking, which included the decision to
receive a flu vaccine (negatively). This stands in contrast to the present work,
in which individuals who drank more or used illicit drugs were more likely to
receive the vaccination. I would presume the difference between these results may
lie in my definition of alcohol risk-taking and perhaps in why people choose to
forego the vaccine.

4.1 Limitations

This analysis is intended to discover important correlations between risky choices
and the act of obtaining a vaccine, with the goal of targeting individuals who may
benefit from additional information. This information will, hopefully, increase the
rate of vaccinations. The low R? in this study’s regressions, are not entirely sur-
prising, as many other factors determine vaccination rates, and a lower R? is com-
mon for a study of this form. Some omitted factors may turn out to be important
when compared with the characteristics included in the analysis. In fact, while
I have done my best to include correlations and stratifications as evidence, the

Footnote 4 (continued)
While the overall pattern of results were the same, there were some expected variations in magnitude
between the provinces, likely due at least in part to their varying vaccination policies.
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possibility remains that additional factors are just as, or perhaps more, important
in predicting vaccination rates. But given the inherent limitations in predicting
human behaviour, especially regarding complex, multifaceted decisions such as
the one considered here, the findings of this work may very well be of use to
policy-makers. This is particularly true given the difficult, but highly important
task of safeguarding public health through vaccination.

Furthermore, the data in this study does not allow me to distinguish between
vaccine refusal and vaccine non-availability. While some questions regarding
insurance availability, and income and demographics were employed either in the
main study or in initial regressions, one could argue that there is selection into
the insurance groups so that employing these characteristics will still allow bias
to remain. For this reason, I cannot definitively determine whether the correla-
tional relationships are entirely a result of free choice or outside constraints.

5 Conclusions

While it is often difficult to assess the complex psychological, sociological, and
demographic factors (Travers, Dick, & Stone, 2018) associated with healthcare
choices, and in particular, the choice to get vaccinated, the results of this work
help shine a light on some important points of engagement policymakers have
with individuals who have not vaccinated in the past. For example, if the prob-
lem is that individuals who are more risk-tolerant are also more likely to refuse
the seasonal influenza vaccination, which is consistent with my findings, targeted
campaigns for this group may tip the balance in favour of getting protection. It is
also the case that, although the present study only uses data for seasonal influ-
enza vaccinations, patterns for how individuals view one type of vaccination are
likely to spill over to how individuals view other vaccinations (Schulz & Hartung,
2020). Therefore, the present findings are crucially important in our efforts to
achieve mass vaccination for COVID-19.

Additional resources and attention can be allocated to target individuals dis-
playing the risk factors identified in this work in order to increase the efficacy of
the present vaccinations. While viral threats will likely always remain, we can try
to implement cost-effective public policies to enhance vaccination rates and pro-
tect vulnerable populations.
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