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The recent H1N1 pandemic influenza stimulated numerous studies into the
attitudes and intentions about the H1N1 vaccine. However, no study has
investigated prospective predictors of vaccination behaviour. We con-
ducted a two-wave longitudinal study among residents in four US cities
during the course of the H1N1 outbreak, using Internet surveys to assess
demographic, cognitive and emotional predictors of H1N1 vaccination
behaviour. Surveys were conducted at two time points, before (Time 1) and
after (Time 2) the H1N1 vaccine was widely available to the public. Results
show that Time 2 vaccination rates, but not Time 1 vaccination intentions,
tracked H1N1 prevalence across the four cities. Receipt of seasonal
influenza vaccine in the previous year, worry, compliance with recom-
mended interventions, household size and education assessed at Time 1
were significant prospective predictors of vaccination behaviour.
Perception of the H1N1 vaccine, social influence and prioritised vaccine
recipient status assessed at Time 2 also predicted vaccination behaviour.
Critically, worry about H1N1 mediated the effects of both objective risk
(prevalence at the city level) and perceived risk on vaccination behaviour.
These results suggest that H1N1 vaccination behaviour appropriately
reflected objective risk across regions, and worry acted as the mechanism
by which vaccination behaviour followed objective risk.

Keywords: vaccination; H1N1; longitudinal

Introduction

Predicting health behaviour is an important goal of health psychology. The 2009
H1N1 influenza outbreak illustrated the importance of anticipating behaviours that
affect disease transmission. The outbreak started on 23 April 2009 in Mexico City,
and rapidly spread to over 100 countries, causing the World Health Organisation
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(WHO) to declare it a global pandemic on 11 June. A vaccine against H1N1 became
available in the US in October 2009, and was offered to high-risk groups first, before
enough doses were available to offer it to the general public. Because vaccination is
one of the most effective ways to control a pandemic, it is crucial to understand
factors influencing the public’s vaccination behaviour under such situations.

Recent investigations into H1N1 vaccine acceptance have reported the public’s
attitudes and perceptions towards the vaccine, as well as predictors of vaccination
intention (Chor et al., 2009; Eastwood, Durrheim, Jones, & Butler, 2010; Lau et al.,
2009; Maurer, Harris, Parker, & Lurie, 2009; Seale et al., 2010; Wong & Sam, 2010).
Predictors of vaccination behaviour have been examined in the context of seasonal
influenza vaccination (e.g. Chapman & Coups, 1999, 2006), but not yet in the context
of 2009 H1N1. Because the intention to vaccinate does not necessarily lead to
vaccination, and vaccination behaviour for the 2009 H1N1 pandemic influenza may
differ from that of seasonal influenza, a familiar and yearly occurrence, one cannot
simply assume that predictors of 2009 H1N1 vaccination intentions will predict
H1N1 vaccination behaviour. However, no previous study has identified longitu-
dinal predictors of actual vaccination for the 2009 H1N1 influenza pandemic. This
study does just that. The potential predictors investigated in the study include
attitudes, perceptions and emotions about H1N1, as well as demographic variables,
all measured months before actual vaccination behaviour.

Traditional theories related to preventive health behaviours emphasise the
analysis of perceived costs and benefits of actions, for example, the health belief
model (Becker, 1974; Janz & Becker, 1984; Leventhal, Hochbaum, & Rosenstock,
1960), protection motivation theory (Maddux & Rogers, 1983; Prentice-Dunn &
Rogers, 1986), theory of reasoned action (Ajzen & Fishbein, 1980; Fishbein & Ajzen,
1975) and theory of planned behaviour (Ajzen, 1985; Ajzen & Madden, 1986).
However, human behaviours are motivated not only by careful assessments of costs
and benefits, but also by other factors such as emotions, habits, social influences and
situational constraints. These influences are not only true for individual behaviours,
but also for public behaviours such as vaccination, which affects other individuals.
Recent inquiries into seasonal influenza vaccination have identified emotions, such
as worry and anticipated regret, as mediating factors of the relationship between
perceived risk and vaccination (Chapman & Coups, 2006). Studies on H1N1
influenza have also examined worry and anxiety (Goodwin, Haque, Neto, & Myers,
2009; Jones & Salathe, 2009; Rubin, Amlôt, Page, & Wessely, 2009), but these studies
were conducted before the H1N1 vaccine was available and thus did not examine
worry as a predictor of vaccination behaviour. In this article, we focus on worry as a
predictor of vaccination, and a potential mediator for the relationship between
objective risk and vaccination behaviour in a novel pandemic: the 2009 H1N1
influenza.

Although previous studies have examined the relationship between perceived risk
and vaccination behaviour (Brewer et al., 2007), and the concordance between
perceived risk and actual risk (Hertwig, Pachur, & Kurzenhäuser, 2005; Lichtenstein,
Slovic, Fischhoff, Layman, & Combs, 1978; Pulford & Colman, 1996; Rothman,
Klein, & Weinstein, 1996), few studies have examined perceived risk and objective
risk together as predictors of vaccination behaviour. This study addresses this
question. The H1N1 influenza pandemic provides a unique opportunity to evaluate
objective risk. One characteristic that distinguished the H1N1 influenza from the
seasonal influenza is a drastic difference of prevalence across geographic areas. To
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test whether perceived risk and vaccination behaviour across different regions track

the different objective risk levels, we conducted the study in four cities in the US.

These cities represent regions with different levels of H1N1 prevalence rates:

Milwaukee, New York City, Los Angeles and Washington, DC, where Milwaukee

was the area with the highest and Washington, DC was the area with the lowest

prevalence (Figure 1a).
We conducted an Internet survey during the H1N1 influenza pandemic, using a

longitudinal design with two time points. The Time 1 survey was conducted among

participants from the above four cities, between July and October 2009, when H1N1

was still quite active but before the vaccine was available. For this assessment, we

measured potential factors such as risk perceptions, worry and vaccination intentions.

The Time 2 survey was conducted among the same group of participants in January

2010, when the H1N1 vaccine had been widely available to the public for a month or

more, so that most participants who were going to get vaccinated would have already
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Figure 1. (a) H1N1 prevalence rates at Time 1(prevalence calculated using cumulative
confirmed cases as of 2 July 2009, extracted from Centers for Disease Control and state health
departments by Research Triangle Institute, and population estimates by the United States
Census Bureau, Population Division, 2009), (b) H1N1 vaccination rates at Time 2, and
(c) H1N1 vaccination intentions at Time 1 among four cities: Milwaukee (MW), New York
City (NY), Los Angeles (LA) and Washington, DC (DC). Error bars: �2 SEs.
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done so (Center for Disease Control and Prevention, 2010). The most important
measure in the second survey was whether participants had vaccinated against H1N1,
but additional factors were also assessed, such as perceptions about the H1N1 vaccine
and social influence on vaccination. These latter questions were impossible to address
at the time of the first survey, when the vaccine and information about it was not yet
available. Demographic information was also collected from the survey company that
enrolled all participants.

Methods

Participants

Between 28 July and 3 October 2009 (Time 1), a commercial survey company (Survey
Sampling International, SSI) by email contacted potential participants from four US
cities (Milwaukee, New York City, Los Angeles, and Washington, DC) who had
previously agreed to serve on an Internet survey panel and invited them to
participate in an Internet survey about H1N1 influenza (referred to as ‘Swine Flu’ at
that time). One thousand and seven respondents completed the first survey: 239 in
New York, 252 in Los Angeles, 268 in Milwaukee, and 248 in Washington, DC.
Approximately 100 participants were recruited each week, with 25 from each city.
Sixty two percent of the participants were female. The age distribution of
participants approximated (but was slightly older than) the US adult population
(United States Census Bureau, 2000): 18% were 18–34 years old, 39% were 35–54
years old and 43% were 55 years old and above. The procedure for quota-restricted
sample selection was the same as in Ibuka, Chapman, Meyers, Li, and Galvani (2010).
Between 11 and 19 January 2010 (Time 2), all participants who completed the first
survey received an invitation to participate in a follow-up survey, and 479 completed
this second survey: 138 in New York, 123 in Los Angeles, 139 in Milwaukee and 89 in
Washington, DC. Among the 479 respondents at Time 2, seven were excluded from
the analysis because they indicated that they had been infected with H1N1
(making vaccination unnecessary), leaving 472 participants in the analysis.
Demographic information for those who did and did not respond to the Time 2
survey is listed in Table 2 of the appendix. Specifically, Time 2 respondents were older,
with higher education and household income, and more of them were white.

Questionnaire

First survey (Time 1)

The first survey assessed the following potential predictors of H1N1 vaccination:
Perception of H1N1 risk and severity, worry about H1N1, last year’s seasonal
influenza vaccination, intentions to comply with health intervention from various
sources (12 items) and intention to vaccinate. Original survey questions are listed in
the appendix.

Second survey (Time 2)

The second survey asked participants to report whether they had received the H1N1
vaccine, either nasal or injection form. Also included in the second survey were the
following measures (see the appendix): Perceptions of the H1N1 vaccine (in terms of
safety, effectiveness, risk and severity of side effects, for nasal and injection forms,
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respectively; these items were combined to form a vaccine perception scale1); whether
participants belonged to the high-risk groups prioritised for H1N1 vaccination; and
social influence for H1N1 vaccination (perception of vaccination as a social norm, 7
items, as well as specific others’ opinions on vaccination, 8 items, all of which were
combined to form a social influence scale2).

Demographic information

Participants’ demographic information was provided by the survey company (SSI),
which recorded all potential participants’ zip codes (from which city of residence was
extracted), age, number of household members (up to 6), gender, marital status,
employment status, education and household income levels.

Results

Vaccination rates by city

Based on our survey at Time 2, the four cities varied significantly in the proportion
of participants who had vaccinated by Time 2 (Figure 1b): 28% in Milwaukee, 23%
in New York City, 15% in Los Angeles and 10% in Washington, DC, �2(3,
N¼ 472)¼ 13.14, p¼ 0.004. Vaccination rate by city (Figure 1b) was in the same
rank order as H1N1 prevalence by city (Figure 1a). To examine the effect of
geography on vaccination further, we conducted logistic regression analysis using
contrast city codes that reflect the different prevalence rates: Milwaukee versus the
other three cities (MWvs3), New York versus Los Angeles and Washington, DC
(NYvs2), and Los Angeles versus Washington, DC (LAvsDC). When these three city
codes were entered simultaneously into a logistic regression predicting H1N1
vaccination, MWvs3 (B¼ 0.78, SE B¼ 0.26, p¼ 0.002) and NYvs2 (B¼ 0.74, SE
B¼ 0.30, p¼ 0.014) remained significant, while LAvsDC was not significant
(B¼ 0.44, SE B¼ 0.44, p¼ 0.31, ns). Thus, H1N1 vaccination rate differed
significantly between Milwaukee and the other three cities, as well as between
NY and LA/DC, but not between LA and DC. Interestingly, intentions to vaccinate,
measured at Time 1, did not differ across the four cities among respondents of the
Time 2 survey3 (Figure 2), F(3,468) ¼1.76, �2¼0.01, p¼ 0.15. This discrepancy
illustrates the importance of assessing actual vaccination behaviour (even if via self
report, see Mangtani, Shah, & Roberts, 2007) rather than intentions to vaccination.

Prospective predictors of vaccination

To identify potential prospective predictors of vaccination, we first performed
bivariate correlation analysis between H1N1 vaccination status at Time 2 and all
items measured at Time 1, including demographic factors. Table 1 lists significant
correlations between Time 1 survey items and Time 2 vaccination status, including:
receipt of seasonal-influenza vaccine last year, perceived risk of self being infected
with H1N1, perceived risk of encountering somebody infected with H1N1,
anticipated change in risk over the next year, perceived severity of infection,
worry, compliance with requested interventions, intentions to vaccinate and
willingness to pay for vaccine. Demographic factors with significant correlations
to Time 2 vaccination status include: marital status, household size, education level,
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whereby married or with domestic partner, highly educated participants from large
households were most likely to vaccinate. These results are similar to those from past
research on seasonal influenza vaccination, which demonstrated that past vaccina-
tion behaviour, perception of seasonal influenza risk and severity, worry and
intentions to vaccinate predict vaccination behaviour (Chapman & Coups, 1999,
2006).

To identify the unique predictive power of each variable listed above, we
performed a logistic regression using Time 2 vaccination status as the dependent
variable, and all above Time 1 and demographic correlates of vaccination, as well as
contrast codes for city as predictor variables. To compare predictors of vaccination
behaviour with predictors of vaccination intention, we conducted a parallel
regression with the same set of predictor variables, but with Time 1 vaccination
intention as the dependent variable. To make the two regressions comparable, we did
not include vaccination intention or willingness to pay for vaccine as a predictor in
the logistic regression on vaccination behaviour. (Three missing values on risk of self
getting infected and two missing values on risk of encountering someone infected
were substituted by the mean value of the variable.)

Entering all potential Time 1 and demographic predictors at the same time
resulted in six significant factors in the logistic regression predicting vaccination
behaviour (Table 1): the city code of Milwaukee versus the other three cities,
seasonal influenza vaccination last year, worry, compliance with recommended
interventions, household size and education. By contrast, significant predictors for
vaccination intention did not include any city code, household size or education, but
included two additional factors that do not predict vaccination behaviour: perceived

Table 1. Summary of regression, logistic regression, and bi-variate correlations for Time 1
and demographic predictors of H1N1 influenza vaccination intention (Time 1) and behavior
(Time 2).

Intention Behaviour Bi-variate r

Predictor B SE(B) B SE(B) OR Intention Behavior

MW vs. 3 �0.06 0.10 0.79* 0.30 2.21 0.02 0.13**
NY vs. 2 0.07 0.10 0.53 0.33 1.70 0.07 0.09*
LA vs. DC 0.02 0.13 0.77 0.48 2.16 0.08 0.02
Seasonal last year 0.82** 0.09 1.63** 0.29 5.11 0.47** 0.32***
Risk: self-infected �0.44 0.25 0.95 0.74 2.58 0.20** 0.17***
Risk: encounter 0.37* 0.19 �0.32 0.58 0.72 0.23** 0.10*
Risk change 0.16** 0.06 0.08 0.19 1.09 0.24** 0.10*
Severity 0.07 0.04 �0.01 0.13 0.99 0.32** 0.13**
Worry 0.18** 0.05 0.33* 0.15 1.39 0.36** 0.18***
Compliance 0.86** 0.07 0.67** 0.25 1.96 0.60** 0.22***
Household size 0.00 0.04 0.34** 0.11 1.41 0.01 0.12**
Education 0.05 0.03 0.20* 0.09 1.22 0.09 0.09
Marital status 0.03 0.09 0.02 0.28 1.02 0.02 0.10*
Constant �0.26 0.23 �6.83*

Not in regression
Vaccination intention 0.39
Log willingness to pay 0.43** 0.13**

Note: *p¼ 0.05; **p50.01; ***p50.001.
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risk for encountering someone with H1N1 and estimated risk change. These results
support the use of vaccination behaviour, instead of intention, as the dependent
variable in efforts to identify predictors of vaccination, as variables that predict
vaccination intention do not necessarily predict actual vaccination.

Mediation between Time 1 risk perception and Time 2 vaccination

Despite the significant simple correlation between the risk perception items and
vaccination (Table 1), the above logistic regression for vaccination behaviour shows
that risk perceptions did not predict H1N1 vaccination when other Time 1 and
demographic measures were accounted for (Table 1). This finding indicates that the
effect of risk perception on vaccination may be mediated by other variables included
in the regression. Chapman and Coups (2006) found that emotions such as worry
and anticipated regret mediate the relationship between risk perception and seasonal
influenza vaccination. In our survey, worry may serve a similar mediating role, as it
remained significant in the regression. In addition, compliance with recommended
interventions, which remained significant in the regression, may also be a potential
mediator, as higher risk perception may prompt people to act according to
intervention messages that encourage H1N1 vaccination, leading to eventual
vaccination behaviour.

To test these two potential mediators between participants’ risk perception at
Time 1 and their H1N1 vaccination status at Time 2, we conducted bootstrapping
analyses, using methods described by Preacher and Hayes (2008) for estimating
direct and indirect effects with multiple mediators. This approach has several
advantages: it allows analysis with multiple mediators, accommodates dichotomous
dependent variables, has a low type 1 error and does not assume normal sampling

Figure 2. Mediation paths between Time 1 risk perception and Time 2 H1N1 vaccination
status through worry and compliance to intervention measured at Time 1. Values in graph
represent unstandardized regression coefficients. For path from risk perception to vaccination,
the coefficient outside of parentheses represents total effect of risk perception on vaccination,
while coefficient inside parentheses represents direct effect after mediators are included.
Controlling variables (not shown) include: receipt of seasonal influenza vaccine last year,
perception of severity, household size, education and marital status. *p50.05. **p50.01.
***p50.001.
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distribution (MacKinnon, Lockwood, & Williams, 2004; Preacher & Hayes, 2008;
Shrout & Bolger, 2002). To choose a risk perception measure as the independent
variable in the mediation analysis, we first conducted a logistic regression with all
three risk perception measures predicting vaccination, and found risk of self getting
infected emerged as the only significant risk predictor of vaccination (B¼ 1.54,
p¼ 0.02), while risk of encountering someone with H1N1 (B¼ 0.15, p¼ 0.77) and
risk change (B¼ 0.22, p¼ 0.18) were no longer significant predictors. Therefore, in
the SPSS macro created by Preacher and Hayes (2008) for bootstrap analyses with
multiple proposed mediators, risk of self getting infected was entered as the predictor
variable, Time 2 H1N1 vaccination status was the dependent variable, and worry and
compliance to intervention were proposed mediators, while seasonal vaccination last
year, perception of severity and demographic factors (household size, education,
marital status) were entered as controlling variables.4

Consistent with the logistic regression results, the bootstrapping results indicated
that the total effect of risk perception on vaccination (total effect ¼1.30, p¼ 0.03)
became nonsignificant when worry and compliance to intervention were included in
the regression model (direct effect of risk perception¼ 0.98, ns) (Figure 2). The
analyses showed that the total indirect effect (i.e. the difference between the total and
direct effects) of risk perception on vaccination through the two mediators was
significant, with a point estimate of 0.52 and a 95% bias-corrected and accelerated
bootstrap confidence interval (BCa CI; Efron, 1987) of 0.22 to 1.02 (which does not
include zero). Thus, worry and compliance to intervention fully mediated the
relationship between risk perception at Time 1 and H1N1 vaccination at Time 2. The
specific indirect effects of each mediator showed that worry was a unique mediator,
with a point estimate of 0.37 (95% BCa CI¼ 0.08–0.73), and so was compliance to
intervention, with a point estimate of 0.18 (95% BCa CI¼ 0.02–0.48). In summary,
worry and compliance to intervention measured at Time 1 fully mediated the effect
of Time 1 risk perception on Time 2 H1N1 vaccination.

Vaccine-related predictors (Time 2) of vaccination

We did not include any survey item about perceptions of the H1N1 vaccine in the
Time 1 survey because at that time it was unclear if and when the vaccine would be
available to the public, and no guidelines were available about its safety, effectiveness
and appropriate recipient populations. However, perceptions about the vaccine
could be critical predictors of vaccination behaviour, as safety and side-effect issues
are particularly relevant to the newly developed H1N1 vaccine (Eastwood et al.,
2010; Lau et al., 2009; Seale et al., 2010; Sypsa et al., 2009). Thus, we assessed
perceptions of the H1N1 vaccine (safety, effectiveness, side effect risk and severity)
and included measures of social influence on vaccination in the Time 2 survey. We
also asked whether participants were in the high-risk group prioritised to receive the
first batch of H1N1 vaccine, because the high-risk group may be particularly
motivated to vaccinate. These items are listed in the appendix in the supplementary
material available online.

We conducted a logistic regression (Table 2) including all significant predictors of
vaccination among Time 1 survey and demographic items identified in the previous
logistic regression on vaccination behaviour, as listed in Table 1, the contrast codes
for city, as well as the three Time 2 vaccine-related variables: vaccine perception scale

8 M. Li et al.
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(see section ‘Methods’), social influence scale (see section ‘Methods’) and high-risk
group status. Our analysis shows that the three vaccine-related variables were all
significant predictors of H1N1 vaccination, even after the effects of city, Time 1 and
demographic predictors were controlled for (Table 2). Regression coefficients for the
standardised predictors show that seasonal influenza vaccination last year is the
greatest Time 1 predictor, whereas vaccine perception is the greatest Time 2 predictor
of vaccination.

Mediation of the city effect on vaccination

City represents objective risk level in our study, especially the contrast between
Milwaukee and the other three cities. As reported in the beginning of section
‘Results’, Milwaukee differed significantly in Time 2 vaccination rate compared to
the other three cities. However, the logistic regression shown in Table 2 indicates that
the effect of Milwaukee versus the other three cities was no longer significant after
controlling for Time 1, Time 2 and demographic predictors of vaccination. This
means that objective risk level, which predicted vaccination on its own, was no
longer a significant predictor of vaccination after other predictors were controlled
for, suggesting potential mediation in the effect of objective risk on vaccination. To
identify mediators of the city effect, we first conducted contrast tests between
Milwaukee and the other three cities on all Time 1, Time 2 and demographic
predictors included in Table 2. Our results indicate that Time 1 worry (contrast
value¼ 1.02, p¼ 0.01) was the only variable with significant contrast between

Table 2. Summary of logistic regression analysis for Time 1, Time 2 and demographic
variables predicting H1N1 influenza vaccination at Time 2.

Predictors of vaccination B SE(B) OR b

MW vs. 3 0.56 0.34 1.76 0.25
NY vs. 2 0.79* 0.40 2.20 0.33*
LA vs. DC 0.73 0.56 2.08 0.24
Seasonal vaccination last year 1.18*** 0.33 3.25 0.58***
Worry 0.39* 0.16 1.47 0.40*
Compliance to intervention �0.15 0.33 0.86 �0.09
Household size 0.37** 0.12 1.44 0.46**
Vaccine perception (T2) 1.51*** 0.28 4.52 1.12***
Social influence (T2) 1.56*** 0.28 4.77 1.00***
High-risk group status (T2) 0.35 3.12 0.47***
Constant �4.55 �2.78

Notes: Logistic regression model {2 (10, N¼ 472)¼ 189.44, p50.001. Percentage of
participants vaccinated¼ 19.5%. OR¼Odds ratio. b¼ regression weights for standardised
predictors. Vaccine perception is a combined score of perceptions of vaccine safety,
effectiveness, side effect risk and side effect severity. MW vs 3 contrasts Milwaukee with
three other cities in the study. NY vs 2 contrasts New York City with Los Angeles and
Washington, DC. LA vs DC contrasts Los Angeles and Washington, DC. Social influence is a
combined score of the perceived social norm to vaccinate (7 items) and reported opinions of
others about vaccination (eight items). High-risk group status coded as 1 for yes, 0 for no and
0.5 for do not know (2.3%). Other variables used same coding as in Table 1.
*p50.05; **p50.01; ***p50.001.
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Milwaukee and the other three cities, and thus, the only potential mediator of the
city effect on vaccination.

Next, we directly tested worry as the potential mediator between city (Milwaukee
versus the other three cities) and vaccination, using similar bootstrapping technique
as described earlier (Preacher & Hayes, 2008). All other predictors in Table 2 were
entered as controlling variables. We found that the total effect of city (MWvs3) on
vaccination (total effect¼ 0.72, p¼ 0.03) became nonsignificant when worry was
included in the regression model (direct effect of city¼ 0.56, ns) (Figure 3). Further,
the indirect effect of city on vaccination through worry was significant, with a point
estimate of 0.15 (BCa CI¼ 0.02–0.35), indicating that worry was a significant full-
mediator for the effect of city on vaccination, that is, the effect of objective risk level
on vaccination.

Given the critical role of worry in the above mediation, we wondered how
objective risk affected worry. Conceivably, objective risk may have influence
perceived risk, which in turn influenced worry. To test this mediation, we conducted
a series of regressions using the Baron and Kenny (1986) approach. First, City
(MWvs3) was a significant predictor of perceived risk (B¼ 0.05, SE¼ 0.02, p50.05).
Second, City (MWvs3) was a significant predictor of worry (B¼ 0.35, SE¼ 0.11,
p50.01) when city was the only factor included in the regression, but its coefficient
was reduced (B¼ 0.28, SE¼ 0.11, p50.01) after perceived risk (B¼ 1.23, SE¼ 0.22,
p50.001) was also included in the regression, Sobel test Z¼ 2.25, p50.05.
Thus, perceived risk was a partial mediator for the relationship between City and
worry.

Discussion

This study revealed a number of interesting relationships among objective risk,
subjective risk and vaccination against H1N1 influenza. Vaccination rates among
our participants differed dramatically across the four cities, such that the vaccination

Figure 3. Mediation paths between City (MW versus the other three cities) and Time 2 H1N1
vaccination status through worry measured at Time 1. Values in graph represent
unstandardised regression coefficients. For path from city to vaccination, the coefficient
outside of parentheses represents total effect of risk perception on vaccination, while
coefficient inside parentheses represents direct effect after mediators were included.
Controlling variables (not shown) include: city codes NY versus LA and DC, LA versus
DC, receipt of seasonal influenza vaccine last year, household size, compliance to intervention
(Time 1), vaccine perception (Time 2), social influence (Time 2) and high-risk group status
(Time 2). *p50.05. ***p50.001.
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rate for Milwaukee participants was twice that of Washington, DC participants. This
pattern of vaccination rates mirrors the incidence of H1N1 infections that these cities
experienced in spring 2009. Thus, our results are consistent with the explanation that
participants based their vaccination decisions in part on the objective risk of
infection. However, various other features of the cities may have driven this pattern
of vaccination rates, such as prior vaccination rates for seasonal influenza in the past.
Therefore, we examined statistical mediators of the association between city and
vaccination rates, and found that worry about H1N1, as assessed at Time 1,
completely mediated the city effect, and no other mediators of vaccination were
found. These results suggest that participants recognised their city-specific objective
risk and experienced worry that was proportional to that risk. This worry in turn
drove vaccination decisions.

Worry not only mediated the association between city (which represents objective
risk) and vaccination, it also mediated the association between perceived risk and
vaccination. This finding is analogous to that reported by Chapman and Coups
(2006). Thus, vaccination decisions were quite sensitive to risk of infection, both
objective risk and subjective risk, and such risk effects were mediated by worry about
H1N1. These findings are consistent with those of previous research demonstrating
that it is often the emotional aspect of risk that drives behaviour (Loewenstein,
Weber, Hsee, & Welch, 2001). To the extent that worry tracks geographical objective
risk, as it did in this study, basing vaccination decisions on worry, the emotional
reaction of risk, may be quite adaptive.

This study also identified a number of other predictors of vaccination behaviour.
Participants who had received a seasonal influenza shot the previous year were more
likely to vaccinate against H1N1 influenza. Thus, individuals who are already
generally inclined towards vaccinations, as indicated by previous behaviour, are
more likely to adopt a new vaccine. At Time 1 we measured participant’s willingness
to comply with recommendations for health interventions that came from various
sources, such as health authorities, family members or news media. Overall
willingness to comply with recommendations predicted vaccination status at Time 2
and this compliance mediated the effect of perceived risk on vaccination status. Thus,
participants who perceived greater risk were also more willing to comply with
recommendations for action and were thus more willing to comply with the specific
recommendation on vaccination issued months later.

Several factors assessed at Time 2 also predicted vaccination behaviour.
Perceptions of safety and efficacy of the vaccine, membership in a high-risk group
prioritised for vaccination, and perceived social norms to vaccinate all predicted
vaccination behaviour. In addition, certain demographic groups were more likely to
vaccinate. Being married or with domestic partner, having a higher education and
larger household size all had significant simple correlations with vaccination
behaviour. After controlling for other predictors (Table 1), larger household size was
a unique predictor, consistent with a previous study (Ibuka et al., 2010).

The current findings have implications for how to boost vaccination rates during
the next pandemic. We found that vaccination behaviour was sensitive to objective
risk, which suggests that learning objective risk will allow individuals to act
accordingly. Thus, as the main source of objective risk information for the public,
the media and public health outreach campaigns should depict local objective risk
accurately and specifically with regard to different regions. The effects of both
objective risk and perceived risk on vaccination behaviour, however, were mediated
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through worry, suggesting interventions that directly increase worry might be an

effective means to encourage vaccination (Job, 1988; Witte & Allen, 2000). On the
other hand, the effect of worry on vaccination also calls for caution against potential

over-reaction among low-risk population, as their excessive worry may exhaust
vaccine supplies reserved for populations under higher risk of infection, or lead to

avoidance of economically important activities (Rubin, Potts, & Michie, 2010).
Vaccination was more likely among people who had previously received seasonal

influenza shots, those from large households, and those in high-risk groups

prioritised for vaccination. Targeting such individuals in vaccination campaigns

may offer a high yield, and there may be less need for direct incentives to prompt
vaccination among these individuals. Also, because of herd immunity, even

vaccinating a portion of the population can reduce the size of the pandemic.
Positive attitudes about the safety and efficacy of the vaccine were predictive of

vaccination, consistent with previous research (Chapman & Coups, 1999). Social
influence was also predictive of vaccination behaviour, which is consistent with

previous work on the influence of social norms (i.e., Cialdini & Goldstein, 2004) and

suggests that recent work employing social norms to change real world behaviour
might be extended to vaccination (e.g. Schultz, Nolan, Cialdini, Goldstein, &

Griskevicius, 2007).
This study also provides insight into basic psychological processes underlying

health behaviour. Beyond social influence and situational constraints (such as

priority status in receiving vaccine), vaccination behaviour in this study was
surprisingly rational in that it tracked the objective risk on the city level. Vaccination

behaviour also tracked perceived costs and benefits including perceived risk of
infection and perceived safety and efficacy of the vaccine. Thus, participants made

vaccination decisions as if they were maximising net benefit. Rational behaviour,

however, was accomplished by way of emotional processing. Although previous
studies have demonstrated the role of worry in the effects of perceived risk on

vaccination behaviour (e.g. Chapman & Coups, 2006), this study demonstrated the
role of worry in the effects of both perceived risk and objective risk on vaccination

behaviour. Thus, worry, parallel to the cost and benefit assessments, acted as a
critical emotional tool to direct people’s vaccination behaviour.

Vaccination is critical in controlling disease spreading, and predicting vaccination

behaviour involves assessing a specific set of factors that may be different from those
predicting vaccination intentions. This study identified a set of prospective factors as

well as concurrent factors of actual vaccination in regions of different prevalence

levels, and highlighted the role of a specific emotion – worry – on vaccination. In
future pandemics like the 2009 H1N1 influenza, successful vaccination campaigns

may benefit from knowing what to look for in the effort to predict and promote
vaccination behaviour.
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Notes

1. A combined vaccine perception scale was created by first standardising each of the four
vaccine perception items (score on each item was the mean response concerning the nasal
and injection forms), reverse coding side effect risk and severity items, and then taking the
mean (Cronbach’s alpha¼ 0.74). Six missing values on this scale were substituted by the
mean.

2. A combined social influence scale was created by taking the mean of standardised scores
on the seven items on vaccination social norms and the eight items on others’ opinions
(Cronbach’s alpha¼ 0.71 between the two means of social norm and others’ opinion
scores; an overall Cronbach’s alpha was not used due to a substantial proportion of
participants with at least one missing value). Ten missing values on social influence scale
were substituted by the mean value.

3. This result is limited to respondents to Time 2 survey. When all participants at Time 1
were analysed, vaccination intentions did differ cross cities; however, the difference was
only caused by low vaccination intentions among LA residents, and there was no
difference among the other three cities in vaccination intention, F(2, 752)¼ 0.56, �2¼ 0.01,
p¼ 0.57.

4. The city codes in the regression were not entered as controlling variables in the mediation
analysis, because people’s risk perception should be partly determined by the different
objective H1N1 risk levels across the four cities. Indeed, contrast test confirmed that
Milwaukee had significantly higher perceived risk of self getting infected compared to the
other 3 cities, t(468)¼ 2.47, p¼ 0.01. Given this difference in perceived risk across city,
controlling for city would exclude a legitimate part of the variance in perceived risk from
being tested in the mediation analysis.
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