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The role of worry, regret, and perceived risk in preventive health decisions was explored in a longitudinal
questionnaire study on influenza vaccination among 428 university employees. The study yielded 3 main
findings. First, ratings of anticipated worry and regret were stronger predictors of vaccination than
perceived risk and mediated the effect of risk on vaccination. Second, the anticipated level of emotions
differed systematically from experienced emotions, such that vaccinated individuals anticipated more
regret and less worry than they actually experienced. Third, anticipated and experienced emotions had
implications for subsequent vaccination decisions. Those who did not vaccinate in the 1st year but had
high levels of worry and regret were likely to be vaccinated the following year.

Keywords: emotions, perceived risk, influenza vaccination, health behavior

Recently, the role of emotion in decisions about preventive
health behaviors has been a topic of increasing interest. For ex-
ample, several theories of preventive health behavior posit a cen-
tral role for emotions, including the common sense model (Lev-
enthal, Diefenbach, & Leventhal, 1992), which postulates that
decision makers seek to regulate not only the health threat but also
their own emotional response, and the cognitive–social health
information processing (C-SHIP) model (Miller, Shoda, & Hurley,
1996), which lays out the conditions under which affective states
decrease or increase preventive health behaviors. Theories of de-
cision making have also recently focused on affect. Examples
include decision affect theory (Mellers & McGraw, 2001; Mellers,
Schwartz, & Ritov, 1999), in which choices are guided by the
anticipated emotional reaction to consequences; the affect heuristic
(Slovic, Finucane, Peters, & MacGregor, 2002), in which fast,
intuitive, affective processes guide decision making in situations of
stress or cognitive load; and the risk-as-feelings hypothesis (Loe-
wenstein, Weber, Hsee, & Welch, 2001), which proposes that
anticipatory emotion experienced at the point of decision making
often drives behavior, rather than a cognitive assessment of the
risks.

The current article examines the role of two specific emotions—
worry and regret—in the decision to engage in the preventive
health behavior of accepting a free influenza vaccine (flu shot).
Specifically, we address the question of whether anticipated worry

and regret mediate the association between cognitive appraisals of
risk and preventive health behavior. In addition, we examine
people’s accuracy in forecasting their emotional experience and
consider how predicted, experienced, and mispredicted emotional
experiences influence decisions about subsequent preventive
health behavior.

Our first research question addresses the relationship of worry
and regret to risk likelihood and severity and to flu vaccination.
Specifically, we hypothesized that worry and regret mediate the
relationship of risk likelihood and severity to vaccination. The
risk-as-feelings hypothesis and the affect heuristic would predict
that cognitive assessments of risk likelihood and severity have
their influence on behavior at least in part by way of emotions such
as worry and regret. Indeed, emotion can cause behavior to depart
from what would be expected merely on the basis of cognitive
assessments of risk.

Our mediation hypothesis entails the idea that worry and regret
are related to estimates of risk likelihood and severity and that all
of these constructs are related to preventive health behavior. Pre-
vious research has indeed demonstrated that worry is correlated
with risk estimates (Cameron & Diefenbach, 2001; Constans,
2001; Easterling & Leventhal, 1989; McCaul, Canevello, Math-
wig, & Klein, 2003), although sometimes this relationship is
modest (Sjöberg, 1998). In addition, worry is related to preventive
health behaviors; for example, cancer worry predicts cancer
screening (Diefenbach, Miller, & Daly, 1999; McCaul, Branstetter,
O’Donnell, Jacobson, & Quinlan, 1998; McCaul, Schroeder, &
Reid, 1996), and it predicts interest in genetic testing even after
controlling for risk perception (Cameron & Diefenbach, 2001).
Similarly, anticipated regret drives preventive behaviors such as
condom use (Richard, de Vries, & van der Pligt, 1998; van der
Pligt & Richard, 1994), exercise (Abraham & Sheeran, 2003), and
childhood immunization (Connolly & Reb, 2003; Wroe, Turner, &
Salkovskis, 2004). Finally, estimates of risk likelihood and sever-
ity are often related to preventive behaviors such as vaccination
(for reviews, see Chapman & Coups, 1999; McCaul, Branstetter,
Schroeder, & Glasgow, 1996).
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Little previous attention, however, has been paid to the question
of whether worry and regret mediate the relationship between risk
assessments and preventive behavior. In the only study that, to our
knowledge, assessed such a mediation relationship, Cameron and
Diefenbach (2001) examined women’s interest in genetic testing
for breast cancer. They measured perceived likelihood of getting
breast cancer and worry about getting breast cancer. The results
showed that worry mediated the association between risk percep-
tion and interest in genetic testing. In the current study, we tested
whether both worry and regret mediate the relationship of per-
ceived risk likelihood and severity to flu vaccination.

The second research question addressed by the current study is
how accurately decision makers predict the worry and regret they
will feel later during the winter after vaccinating or not. To
evaluate the emotional outcomes of receiving the flu shot, decision
makers must predict what emotions they will experience as a
consequence of getting the shot. Will they experience peace of
mind, or will they continue to worry? Recent research on affective
forecasting has indicated that decision makers are not always
accurate at predicting their emotional response to future outcomes
(e.g., Gilbert & Wilson, 2000; Gilbert, Morewedge, Risen, &
Wilson, 2004; Loewenstein & Schkade, 1999). For example, Sieff,
Dawes, and Loewenstein (1999) found that 5 weeks after receiving
a negative HIV test result, people did not feel as relieved as they
had anticipated they would feel.

In the current study, during the fall, decision makers were asked
how much they would worry about the flu and how much regret
they would feel if they got the flu—measures of anticipated
emotion. The following spring, decision makers were asked how
much worry and regret they had actually experienced during the
previous winter. The literature on affective forecasting indicates
that the judgments of experienced emotion may differ systemati-
cally from the previous judgments of anticipated emotions.

Although affective forecasting has been examined in a number
of domains, the Sieff et al. (1999) study is the only previous study
to examine it in a preventive health behavior context. Affective
forecasting is important to an understanding of decision making
about preventive health behaviors because emotional benefits (e.g.,
peace of mind) are a large incentive for engaging in such behav-
iors. If people do not experience the emotions they anticipated
feeling as a result of engaging in preventive health behavior, they
may discontinue the behavior.

Many preventive behaviors, such as getting the flu shot, are (or
can be) repeated regularly. Thus, emotions experienced as a result
of one decision about whether to engage in the preventive behavior
might influence subsequent similar decisions. A third research
question addressed by the current study concerns how emotions
anticipated and experienced in a given year affect subsequent
decisions about preventive behavior. Examination of this research
question extends current research on affective forecasting.

Method

Participants

The current study was part of the Health Promotion at Work longitudinal
study of university employees. The participants were faculty and staff of
two universities in New Jersey. All were offered free flu shots on campus
by their employer in October and November of each year. Participants were
mailed questionnaires each fall and spring from Fall 2001 to Fall 2002 (a
total of three questionnaires).

In late November 2001, questionnaires were mailed to 1,027 employees
at an arts and sciences university and to 438 employees of a neighboring
medical school. Some (190) of the arts and sciences employees had
completed a previous longitudinal questionnaire study during the 2 years
prior to the current study. The remaining employees were randomly se-
lected from a list of employees working in buildings close to one of the
campus health centers that dispensed the flu shot. Random selection was
subject to the constraint that 30% of the sample of 1,027 was faculty and
70% was staff (the same percentages as in the university population at
large) and that equal numbers of men and women were selected within the
faculty and staff categories. Medical school employees were randomly
selected from a list of employees who worked in clinical departments
where staff have contact with medical patients. Random selection was
subject to the constraint that 40% of the sample of 438 were physicians and
60% was nonphysician staff (comparable to the percentages in the medical
school at large) and that equal numbers of men and women were selected
within the physician and nonphysician categories. Of the 1,465 people who
were mailed the Fall 2001 mailing, 673 completed the Fall 2001 question-
naire (a 46% response rate), and 434 completed all three questionnaires
(30% of the original sample).

Procedure

In each of the three questionnaire waves, participants were mailed a
warning postcard 1 week before the questionnaire mailing. The question-
naire mailing contained a questionnaire booklet along with a cover letter,
a return envelope, and a small incentive gift. For each wave, participants
who returned completed questionnaires were entered into a lottery with a
1 in 6 chance to win $60. Those who did not win the lottery were given
compensation gifts of ice cream or movie gift certificates. Participants who
did not respond within 2 weeks received a reminder postcard. Those who
did not respond by 1 week later received a reminder phone call or e-mail
and a second copy of the questionnaire. Fall questionnaires were mailed in
late November of each year so that any participants who were going to get
vaccinated that fall would almost assuredly have done so by the time they
received the questionnaire. The spring questionnaire was mailed in early
April, following the end of flu season.

Measures

The questionnaire items used in the present study are summarized in
Table 1. The complete wording of the items is available at http://www.rci
.rutgers.edu/�hpaw/hpaw/emotions.html. As shown in Table 1, each fall,
participants were asked if they had received a flu shot (vaccination), and in
the spring they were asked if they intended to receive a flu shot the
following fall (intention). The risk and emotion variables assessed in Fall
2001 were used to predict vaccination assessed in Fall 2001 (a cross-
sectional prediction) as well as intention assessed in Spring 2002 and
vaccination assessed in Fall 2002 (prospective predictions).

Three items assessed perceived risk in Fall 2001. Two of these assessed
likelihood and one assessed severity of the flu. Participants were asked
about their perceived likelihood of getting the flu if they were to get the flu
shot or were not to get the flu shot. Responses to both of these likelihood
questions were given on an 11-point scale that ranged from 0% to 100% in
10% increments. Risk likelihood estimates were estimated conditional on
getting the flu shot and conditional on not getting the flu shot, as these two
items are predicted to have opposite relationships to vaccination (Wein-
stein & Nicolich, 1993). Participants were predicted to get vaccinated if
they think they have a high risk of flu if they do not get the flu shot and a
low risk of flu if they do get the flu shot. Participants were also asked how
severe they thought the flu would be, if they were to get it. Responses were
made on a 5-point Likert-type scale. Perceived severity was conditional on
not receiving the flu shot.

Four items assessed anticipated emotions in Fall 2001. Participants were
asked how worried they would be about the flu if they were to get the shot
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or not get the shot. As with the risk likelihood items, these two worry items
elicited ratings conditional on getting the flu shot and on not getting the flu
shot. In addition, participants were asked how much regret they would feel
during the coming winter if they were to get (or not get) the shot and
subsequently get the flu. Responses to the worry and regret items were
made on 5-point Likert-type scales.

To simplify analyses and presentation, we converted likelihood, worry,
and regret ratings to difference scores. A risk likelihood difference score
was computed as the perceived likelihood of flu if not vaccinated minus the
perceived likelihood of flu if vaccinated—in essence, the risk likelihood
reduction resulting from vaccination. Analogous difference scores were
computed for worry and regret ratings, indicating the amount of worry and
regret reduction resulting from vaccination.

Anticipated emotion was operationalized as follows. For participants
who received a flu shot in Fall 2001, anticipated worry was defined as rated
worry conditional on getting the shot. For participants who did not receive
a flu shot, anticipated worry was defined as rated worry conditional on not
getting the shot. Anticipated regret was similarly defined.

Two items assessed experienced emotions in the spring. Participants
were asked how worried they were about the flu during the past winter. The
5-point response scale was the same as that used for the anticipated worry
items. Experienced regret was assessed by asking participants whether they
felt pleased or felt regret at having (not) received a flu shot the previous fall
(this question was the only item to use wording specific to each partici-
pant’s vaccination status). The 5-point Likert-type response scale ranged
from very pleased to much regret and differed somewhat from that used for
the anticipated regret item so that the experienced regret item could be
asked of all participants, regardless of whether they reported having the flu.

Results

Of the 434 participants who completed all three waves of the
study, 6 were excluded because of missing data on one or two of
the three dependent variables (vaccination in each of two falls and
intention to vaccinate in the spring). This left 428 participants in
the analyses. Of these, 16 were missing one or two of the inde-
pendent variable measures. These missing values (0.4% of the
data) were replaced with item means, allowing all analyses to be
based on the same N.

The mean age of participants was 46 (range � 23–72), 58%
were female, and 81% were White. The median annual household
income category was $75,000–$100,000, 46% of participants had
administrative or clerical–secretarial positions, 23% were nonclini-

cal faculty, 17% were clinical health care personnel, and 14% were
service–maintenance or technical staff.

Table 2 shows the means and standard deviations for each of the
main measures. Results are shown separately for participants who
did and did not vaccinate in Fall 2001. In Fall 2001, 50% of
participants reported receiving a flu shot, and in Fall 2002 50% of
participants reported being vaccinated. In Spring 2002, 57% of
participants said they intended to get a flu shot the following fall.
The vaccination and intention measures were strongly correlated with
one another (rs � .70–.77, N � 428). In Spring 2002, 15% of
participants reported having had the flu during the previous winter.

Perceived Risk, Anticipated Emotion, and Vaccination
Decisions

Relationship between perceived risk items and anticipated emo-
tion items. The first research question concerned whether the
anticipated emotion items mediated any relationship of risk like-
lihood and severity to vaccination. We tested this research question
using mediational analysis (Baron & Kenny, 1986). One criterion
for such a mediation relationship is that the emotion items must
be correlated with the risk likelihood and severity items. Thus,
we examined the relationship between the perceived risk items
and the anticipated worry and regret items assessed in the Fall
of 2001. As explained earlier, likelihood, worry, and regret
ratings were converted to difference scores that expressed the
extent to which risk likelihood, worry, and regret were expected
to be reduced by vaccination. As shown in Table 3, perceived
risk likelihood reduction was correlated with anticipated worry
and regret reduction. Perceived risk severity (which is not a
difference score) was also correlated with anticipated worry and
regret reduction.

Relationship of perceived risk and anticipated emotion items to
vaccination. A second criterion of the mediation relationship is
that risk likelihood and severity, as well as anticipated worry and
regret, should predict vaccination. We therefore examined how
well perceived risk and anticipated emotions assessed in Fall 2001
predicted vaccination measured at the same time, intention to
vaccinate measured in Spring 2002, and vaccination measured in
Fall 2002. Again, with the exception of risk severity, the predictor

Table 1
Time of Measurement of Study Variables

Item description

Time of measurement

Fall 2001 Spring 2002 Fall 2002

Vaccination
Flu vaccination x x
Intention to vaccinate x

Perceived risk
Likelihood of flu without flu shot x
Likelihood of flu with flu shot x
Severity of flu without flu shot x

Worry
Anticipated worry if no flu shot x
Anticipated worry if get flu shot x
Experienced worry about getting flu x

Regret
Anticipated regret if no flu shot and get flu x
Anticipated regret if get flu shot and get flu x
Experienced regret about getting/not getting flu shot x
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variables used were difference scores: perceived risk likelihood or
anticipated emotion conditional on nonvaccination minus per-
ceived risk likelihood or anticipated emotion conditional on
vaccination.

The top portion of Table 4 shows the simple correlations be-
tween each predictor variable and each vaccination dependent
variable. Risk and emotion predictor variables were moderately
correlated with all three dependent measures. The higher the
perceived risk severity and the larger the reduction in risk likeli-
hood, worry, or regret expected to result from vaccination, the
more likely was the participant to (intend to) vaccinate.

The final criterion of a mediation relationship is that risk like-
lihood reduction and severity should be less predictive of vacci-
nation after statistically controlling for anticipated worry and re-
gret reduction. The bottom portion of Table 4 shows the results of
logistic regression analyses that assessed this step. The regression
coefficients shown are log odds ratios (ORs). Vaccination was a
dichotomous variable (yes–no). Intention was a trichotomous vari-
able (yes–unsure–no) that we dichotomized by grouping the un-
sure response with the no response, in order to make it more
analogous to vaccination. For each dependent variable, one regres-
sion (Model I) included only risk likelihood reduction and risk

severity as predictor variables. Both risk likelihood reduction and
risk severity were significant predictors of each of the three vac-
cination dependent variables. A second regression (Model II)
included risk likelihood reduction and severity, worry reduction,
and regret reduction as predictor variables. Two results indicate
mediation. First, when all four predictors are included in the
model, worry and regret reduction were still predictors of vacci-
nation; indeed, they were better predictors than risk likelihood
reduction and severity. Second, the regression coefficients for risk
likelihood reduction and severity were reduced when worry and
regret reduction were added to the model, indicating that worry

Table 2
Mean and Standard Deviation of Variables at Each of Three Time Points for Participants Who
Did and Did Not Vaccinate in Fall 2001

Variable

2001 flu vaccination status

Vaccinators (n � 214)
Nonvaccinators

(n � 214)

M % SD M % SD

Fall 2001
Likelihood reductiona 33.86 22.29 10.57 22.63
Severity of flub 3.50 0.92 2.80 1.05
Worry reductionc 1.61 1.36 �0.13 1.31
Regret reductionc 1.29 1.66 �0.81 1.85
Anticipated worryb 1.63 0.73 1.84 0.95
Anticipated regretb 2.81 1.48 2.50 1.24

Spring 2002
Experienced worryb 2.24 1.14 1.93 0.97
Experienced regretb 1.50 0.79 2.52 1.04
Intention to vaccinate 96 18

Fall 2002
Vaccination 86 14

a Difference score on a scale ranging from �100 to �100. b Measured on a 5-point scale (ranging from 1 to
5). c Difference score on a scale ranging from �4 to �4.

Table 3
Pearson Product-Moment Correlations of Perceived Risk Items
and Anticipated Reduction in Worry and Regret in Fall 2001

Emotion measure

Perceived risk measure

Likelihood
reduction Severity

Anticipated worry reduction .64** .46**
Anticipated regret reduction .42** .45**

Note. N � 428.
** p � .0001.

Table 4
Relationship of Flu Vaccination and Flu Vaccination Intention
to Perceived Risk, Worry, and Regret

Predictors (Fall 2001)
Vaccination
(Fall 2001)

Intention
(Spring
2002)

Vaccination
(Fall 2002)

Zero-order correlations
Likelihood reduction .46** .49** .42**
Severity of flu .33** .39** .31**
Anticipated worry reduction .55** .57** .49**
Anticipated regret reduction .51** .57** .48**

Regression Model I
Likelihood reduction .44** .52** .38**
Severity of flu .42* .61** .37*

Regression Model II
Likelihood reduction .21* .28* .19*
Severity of flu .05 .26 .05
Anticipated worry reduction .61** .69** .45**
Anticipated regret reduction .47** .66** .42**

Note. The top portion of the table shows the simple correlations between
each predictor variable and each vaccination dependent variable. The
bottom portion shows the results of logistic regression analyses; the re-
gression coefficients shown are log odds ratios.
* p � .05. ** p � .0001.
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and regret reduction partially mediated the relationship between
perceived risk likelihood reduction and the decision (or intention)
to vaccinate and fully mediated the relationship between perceived
risk severity and vaccination.

These results indicate that anticipated worry and regret reduc-
tion together mediated the relationship of perceived risk likelihood
reduction and severity to vaccination, suggesting that emotions are
the more proximal driver of preventive behavior.1 Specifically, the
greater the perceived risk likelihood reduction and severity, the
greater the anticipated reduction in worry and regret, which in turn
was linked with a higher likelihood of vaccination and intention to
vaccinate.

Anticipated and Experienced Emotions

The second research question was whether anticipated emotions
rated in the fall would correspond to experienced emotions as-
sessed in the spring. As explained earlier, for participants who
received a flu shot in Fall 2001, anticipated worry (regret) was
defined as rated worry (regret) conditional on getting the shot. For
participants who did not receive a flu shot that fall, anticipated
worry (regret) was defined as rated worry (regret) conditional on
not getting the shot. In the Spring of 2002, all participants rated
how much they had actually worried about the flu and how much
regret they had actually experienced during the preceding winter.

We examined mean levels of anticipated and experienced emo-
tion. Figure 1 shows the mean anticipated and experienced worry
and regret ratings for participants who got the flu shot and those
who did not. Mean ratings are on a 5-point (1 to 5) scale where
higher numbers indicate more worry or regret. The top panel
shows worry ratings, and the bottom panel shows regret ratings.

Consider the top panel. For participants who got the flu shot,
experienced worry was higher than anticipated worry, whereas for
those who did not get the flu shot, mean experienced worry was
comparable to mean anticipated worry. Worry ratings were sub-
jected to a 2 (vaccination status) � 2 (anticipated vs. experienced
emotion) analysis of variance (ANOVA), with the first factor
between subjects and the second factor within subjects. Table 5
shows the ANOVA results, including the interaction indicating
that experienced worry was higher than anticipated worry for those
who got vaccinated but not for those who did not. These results
indicate that vaccination does not bring the relief from worry that
the vaccinators anticipate. Instead, vaccinators experience worry
levels as high as or even higher than nonvaccinators.

Although the worry experienced by vaccinators (M � 2.24) was
higher than anticipated (M � 1.63), it was still lower than the level
those vaccinators anticipated would have resulted had they not
been vaccinated (M � 3.23). (Indeed, this large anticipated worry
reduction presumably drove the decision to vaccinate.) Vaccina-
tors expected that vaccination would result in 1.60 points (3.23–
1.63) of worry reduction, when in fact it only resulted in 0.99 point
(3.23–2.24) of reduction. Thus, they achieved some but not all the
peace of mind that they had anticipated. In contrast, nonvaccina-
tors’ anticipated mean level of worry was similar if they were to
get vaccinated (M � 1.84) or not get vaccinated (M � 1.97).
(Indeed, this small anticipated worry reduction presumably drove
the decision not to vaccinate.) Mean experienced worry (M �
1.93) was very similar to the worry these participants anticipated
would occur whether or not they vaccinated.

The bottom panel of Figure 1 shows rated anticipated and
experienced regret. The ANOVA (see Table 5) revealed an inter-
action such that vaccinators experienced less regret than antici-
pated, whereas nonvaccinators experienced as much regret as
anticipated. The same results were obtained if the analysis was
limited to only those participants (n � 58, data not shown) who
reported getting the flu—presumably the event that would trigger
experienced regret—or to those participants who reported not
getting the flu.2 Thus, as with the worry ratings, the vaccinators
showed a discrepancy between anticipated and experienced regret,
whereas the nonvaccinators did not. Interestingly, although the

1 Separate analyses (not shown) examined whether worry and regret
reduction each individually mediated the relationship of likelihood and
severity to Fall 2001 vaccination. Worry and regret reduction both partially
mediated the effect of risk likelihood reduction on vaccination, with worry
playing the larger role. Worry reduction fully mediated and regret reduc-
tion partially mediated the effect of severity on vaccination, with worry
again playing the larger role (data not shown). Thus, worry reduction is a
stronger mediator than is regret reduction, and risk severity is more
mediated than is risk likelihood reduction.

2 The ANOVA in Table 5 was repeated with the additional factor of
getting the flu. Getting the flu had a main effect such that people who got
the flu experienced more regret. Of more importance, however, the three-
way interaction was marginally significant, F(1, 395) � 3.44, p � .06. This
interaction indicates that the pattern for those who did not get the flu is like
that shown in Figure 1. The pattern for those who did get the flu is like that
shown in Figure 1 except that regret ratings were, overall, higher and
nonvaccinators experienced more regret than anticipated. Vaccinators ex-
perienced less regret than anticipated among both those who got the flu and
those who did not.

Figure 1. Mean anticipated and experienced worry and regret ratings
(N � 428). Error bars represent the standard error of the mean.
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vaccinators experienced more worry than anticipated, their expe-
rienced regret ratings (M � 1.50) were lower than the regret they
had anticipated whether they did (M � 2.81) or did not (M � 4.10)
get vaccinated. Thus, they experienced much more regret reduc-
tion (relative to if they had not vaccinated) than anticipated.
Nonvaccinators experienced about the same amount of regret
(M � 2.52) as they had anticipated if they did not get vaccinated
(M � 2.50), which was less regret than they had anticipated they
would feel if they had been vaccinated (M � 3.31).

Effects of Anticipated and Experienced Emotion on
Subsequent Vaccination Decisions

The final research question concerned how anticipated emotion
from the fall of Year 1 and experienced emotion from the follow-
ing spring predicted vaccination intention in the spring and vac-
cination the following fall. We also examined whether the discrep-
ancy between anticipated emotion in the fall and experienced
emotion the following spring predicted subsequent vaccination
decisions. Table 6 shows the correlations of anticipated and expe-
rienced emotions to subsequent vaccination decisions. Results are
shown separately for participants who vaccinated in Year 1 and
those who did not. We computed the correlations separately by
previous vaccination status because previous vaccination is
strongly related to subsequent vaccination and is also related to
anticipated and experienced emotion (as shown in Figure 1). We
did not want anticipated and experienced emotions to predict

subsequent vaccination merely because they were stand-ins for
previous vaccination.

Several findings are apparent in Table 6. First, for participants
who did not vaccinate in Year 1, both anticipated and experienced
emotions were correlated with intention and vaccination. That is,
people who did not vaccinate in Year 1 were more likely to
vaccinate in Year 2 if they anticipated and experienced high levels
of worry and regret in Year 1. In contrast, for participants who did
vaccinate in Year 1, anticipated and experienced emotions were for
the most part uncorrelated with vaccination in Year 2. The excep-
tion is that experienced regret in Year 1 was negatively associated
with vaccination in Year 2, indicating that participants who regret-
ted getting vaccinated in Year 1 were likely to decide against
vaccination in Year 2. Thus, the correlations shown in the first four
rows of Table 6 are strikingly different for people who vaccinated
in Year 1 compared with those who did not. Indeed, in six of eight
cases the correlations for previous vaccinators were significantly
lower than those for vaccinators, as demonstrated by logistic
regressions that revealed significant interactions between previous
vaccination status and emotion in predicting Year 2 intention or
vaccination (ln ORs � 5.25, ps � .04, for all but the relationship
of anticipated worry to intention and vaccination).

Finally, for the most part, the discrepancy between experienced
and anticipated emotions was uncorrelated with subsequent vac-
cination. Thus, although people who did not vaccinate in Year 1
were likely to vaccinate in Year 2 if they had experienced high

Table 5
Analysis of Variance for Anticipated and Experienced Worry and Regret (Fall 2001–Spring 2002)

Factor

Dependent measure

Worry Regret

F(1, 426) MSE �2 F(1, 426) MSE �2

Anticipated vs. experienced emotion 50.13** 0.54 .10 76.40** 1.17 .13
Vaccination status (Fall 2001) 0.36 1.29 .00 17.47** 1.54 .04
Anticipated vs. Experienced Emotion �

Vaccination Status (Fall 2001) 27.22** 0.54 .05 80.92** 1.17 .14

** p � .0001.

Table 6
Zero-Order Correlations Between Anticipated and Experienced Emotion and Subsequent
(Intention About) Flu Vaccination

Emotion

Spring 2002 intention Fall 2002 vaccination

Flu shot last year
(n � 214)

No flu shot last year
(n � 214)

Flu shot last year
(n � 214)

No flu shot last year
(n � 214)

Anticipated
Worry .00 .37** .02 .23*
Regret .02 .40** .00 .22*

Experienced
Worry .02 .37** .00 .21*
Regret �.31** .36** �.18* .21*

Experienced-anticipated
Worry discrepancy .02 .01 �.01 �.01
Regret discrepancy �.17* �.09 �.09 �.04

* p � .05. ** p � .0001.
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levels of worry and regret, experiencing more worry or regret than
anticipated did not in itself push people toward vaccination. The
one exception is that the regret discrepancy predicted the decision
not to vaccinate for previous vaccinators, reflecting the fact that for
this group, anticipated regret was unrelated to subsequent vacci-
nation but experienced regret had a negative association.

Discussion

The results of the current study are largely consistent with recent
work on emotion and decision making. First, the present results
support the supposition of the risk-as-feelings hypothesis (Loe-
wenstein et al., 2001) and the affect heuristic (Slovic et al., 2002)
that emotions are more immediate precursors of decisions than are
calculations of the risk probabilities and severity. Second, the
results are consistent with previous work on affective forecasting
that shows that anticipated emotions often differ systematically
from experienced emotions. Finally, both anticipated and experi-
enced emotions guide future preventive health decisions, but the
discrepancy between the two did not in itself predict future
decisions.

Emotion and Risk

The current study indicates that there is a large degree of overlap
between perceived risk likelihood and severity on the one hand and
worry and regret on the other. Nevertheless, risk and emotion are
clearly separate constructs. The anticipated reduction in worry and
regret resulting from vaccination predicted vaccination decisions
above and beyond risk perceptions. More important, the relation-
ship between perceived risk and vaccination was mediated by
anticipated emotion. This suggests that worry and regret are the
more primary causal factors driving the decision to take preventive
action, consistent with the risk-as-feelings hypothesis. Although
risk analysts conceptualize risk as likelihood and severity of an
adverse outcome such as getting the flu, laypeople conceptualize
risk in terms of emotional responses to potential adverse events
(Slovic, 1987). To a layperson, risky events are ones that trigger
worry, dread, or regret about not taking preventive action, not
necessarily events that have a high likelihood of a severe outcome.
It is this emotional side of risk that appears to drive preventive
health behavior.

Interestingly, the mediational analyses suggest that perceptions
of high risk likelihood and severity trigger worry and regret, which
in turn prompt preventive action. This sequence of events is in
contrast to an alternative scenario in which feelings of worry and
regret cause one to conclude that the risk level is high, which in
turn prompts preventive action. The current data are correlational
and so cannot definitively distinguish between these two possibil-
ities, or a third, in which risk and emotion operate in parallel (cf.
Leventhal et al., 1992). If risk perception triggers worry and regret
(rather than vice versa), then experimentally manipulated risk
communications would be expected to affect preventive behavior
by way of worry and regret. In contrast, experimental emotion
inductions would be expected to affect preventive behavior di-
rectly, not by way of risk perception.

Affective Forecasting

The anticipated worry and regret that play a large role in
vaccination decisions can be thought of as affective forecasts—

that is, predictions about one’s later emotional experience. The
current results indicate that these predictions are not always accu-
rate. Nonvaccinators showed fairly accurate affective forecasting.
Their mean levels of experienced worry and regret were similar to
mean levels of anticipated worry and regret. In contrast, vaccina-
tors showed systematic forecasting errors. They worried more than
anticipated and experienced less regret than anticipated.

Why did vaccinators fall prey to forecasting errors that nonvac-
cinators escaped? A plausible explanation stems from the fact that
vaccination is an active intervention, whereas nonvaccination con-
stitutes maintaining the status quo. Nonvaccinators may have
anticipated that the worry (or regret) they would experience during
the coming winter was the amount of worry (or regret) they
currently experienced. If that level of emotion continued through
the winter, or did not change systematically, those predictions
would be fairly accurate. For vaccinators, in contrast, anticipated
worry (or regret) constitutes a prediction of how much lower worry
(or regret) would be as a result of the intervention of vaccinating.
The currently experienced worry or regret may not be a good
guide. Vaccinators provided anticipated worry (and regret) ratings
in late November, shortly after receiving the vaccine. They may
have experienced intense relief from worry about the flu immedi-
ately after receiving the vaccine and then projected (incorrectly)
that that same level of peace of mind would persist throughout the
winter. Such an error would constitute a durability bias (Gilbert,
Pinel, Wilson, Blumberg, & Wheatley, 2002) whereby decision
makers project that an initial emotional reaction will persist longer
than it actually does.

Why did vaccinators underestimate worry but overestimate re-
gret? This difference may simply reflect the character of these two
emotions. Overestimation of regret has been demonstrated previ-
ously (Gilbert et al., 2004). Shortly after receiving the vaccine,
participants anticipate that if they later get the flu, they will
experience high regret. At that point in time, the salience of having
recently been vaccinated may prompt them to think that, given all
the effort they invested in preventing the flu, an illness episode
would trigger high regret. They anticipate that this frame of mind
will persist throughout the winter. Months later, this focus on the
preventive action has faded and they report experiencing low
levels of regret. Thus, the overestimation of regret may also be an
example of durability bias. In contrast to vaccinators, nonvaccina-
tors experience about the level of regret they anticipated. At the
time of giving anticipated regret ratings, there is no recent salient
event (vaccination) to which they can erroneously ascribe enduring
influence.

Effect of Past Emotion on Future Preventive Health
Decisions

Although vaccinators demonstrated affective forecasting errors,
these errors did not appear to have a deleterious effect on future
preventive health decisions. Indeed, among people who vaccinated
in Year 1, neither Year 1 anticipated worry or regret nor Year 1
experienced worry predicted Year 2 vaccination. Furthermore,
experiencing emotion levels higher or lower than anticipated also
did not predict Year 2 vaccination.

In contrast, among people who did not vaccinate in Year 1,
anticipating and experiencing high levels of worry and regret
predicted subsequent vaccination. Having higher than anticipated
levels of worry or regret did not, however, predict subsequent
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vaccination. This is because high levels of both previously antic-
ipated and previously experienced worry and regret predicted
vaccination the following year.

Why did Year 1 emotions predict Year 2 vaccination only for
previous nonvaccinators? If a nonvaccinator anticipated or expe-
rienced a lot of worry or regret in Year 1, there is something he or
she might consider doing to reduce worry and regret in Year 2: Get
a flu shot. In contrast, if a vaccinator anticipated or experienced a
lot of worry or regret in Year 1, it is not possible to address this by
altering vaccination strategy. Vaccinating again in Year 2 is un-
likely to lead to different levels of worry and regret, whereas
deciding not to vaccinate in Year 2 might actually increase worry
and regret. Thus, previous levels of worry and regret do not
determine which Year-1 vaccinators vaccinate again in Year 2 and
which do not. The current findings have the practical implication
that emotion induction might be effective in encouraging vaccina-
tion among previous nonvaccinators, but it is unlikely to influence
the maintenance of vaccination levels among previous vaccinators.
An alternative account of the results is that Year 1 emotions do not
causally drive Year 2 vaccination but instead are simply a marker
for overall positive attitude toward the vaccine. Thus, someone
who did not vaccinate in Year 1 but did have high levels of worry
and regret might be someone who feels positively about the
vaccine and usually does vaccinate but for some reason did not
manage to vaccinate in Year 1.

The fact that Year 1 emotions predicted Year 2 vaccination
decisions only for people who did not vaccinate in Year 1 may
explain why affective forecasting errors had no implications for
subsequent decisions. The Year 1 nonvaccinators did not show any
affective forecasting errors, but they did show a relationship be-
tween Year 1 emotions and Year 2 vaccination decisions. For Year
1 vaccinators, in contrast, there were affective forecasting errors;
however, Year 1 emotions did not predict Year 2 decisions. Af-
fective forecasting errors will have no implications for subsequent
decisions if they occur only in situations in which emotions do not
predict subsequent behavior.

Limitations

The current findings should be interpreted in light of the limi-
tations of the study. Vaccination behavior was assessed by self-
report, making reporting biases possible. Perceived risk and antic-
ipated affect were assessed in Year 1 after participants had already
decided whether or not to vaccinate for that year. In addition,
ratings of experienced worry and regret were assessed at the end of
the flu season and thus may have entailed some reconstructive
memory about the levels of worry and regret experienced earlier in
the flu season.

Clinical Implications

The current results are correlations, but if further research indi-
cates that these results stem from a causal effect of emotion on
preventive health behavior, a number of clinical implications
would follow. First, interventions that appeal to emotions are more
likely to change health behavior than are interventions related to
risk statistics. Second, because beliefs about risk likelihood and
severity have their effect on behavior by way of emotion, cognitive
interventions that have a large influence on emotion will be more
effective than those that do not. Third, clinical interventions to

reduce anxiety or similar negative emotions may have to allow for
the fact that affective forecasts can systematically over- or under-
estimate the level of emotion experienced later (especially for
those who take a precautionary measure). Finally, because emo-
tions experienced in one time period can influence preventive
health behavior undertaken in subsequent time periods, a negative
emotional response to one health episode can be exploited to
encourage healthier behavior in the future.

The present results regarding perceived risk and emotions likely
generalize beyond flu vaccination. Worry and regret are likely to
be important predictors of a variety of preventive health behaviors.
Worry has been shown to predict behaviors such as cancer screen-
ing (Diefenbach et al., 1999; McCaul et al., 1998; McCaul,
Schroeder, & Reid, 1996) and genetic testing (Cameron & Dief-
enbach, 2001), anticipated regret has been shown to predict con-
traception behavior (Richard et al., 1998; van der Pligt & Richard,
1994), and perceived risk has been found to predict an array of
health behaviors (van der Pligt, 1998). Flu vaccination has some
noteworthy characteristics. It is (or can be) repeated annually, thus
requiring repeated decision making. Each decision is followed by
feedback (getting a flu illness or not) prior to the next decision.
Other health behaviors that have a similar pattern of repeated
decisions with regular feedback include contraception, dieting to
lose weight, exercise for short-term goals (fitness or weight loss),
and regular disease screening (e.g., annual pap smear). With such
behaviors there is the potential for emotions experienced in one
decision-making episode to influence subsequent decisions. Thus,
further examination of both the emotional components of risk
perception and the interplay of anticipated and experienced emo-
tions and preventive health behaviors is likely to be a fruitful
avenue to explore with respect to a variety of health behaviors.

References

Abraham, C., & Sheeran, P. (2003). Acting on intentions: The role of
anticipated regret. British Journal of Social Psychology, 42, 495–511.

Baron, R. M., & Kenny, D. A. (1986). The moderator–mediator variable
distinction in social psychological research: Conceptual, strategic, and
statistical considerations. Journal of Personality and Social Psychology,
51, 1173–1182.

Cameron, L. D., & Diefenbach, M. A. (2001). Responses to information
about psychosocial consequences of genetic testing for breast cancer
susceptibility: Influences of cancer worry and risk perceptions. Journal
of Health Psychology, 6, 47–59.

Chapman, G. B., & Coups, E. J. (1999). Predictors of influenza vaccine
acceptance among healthy adults. Preventive Medicine, 29, 249–262.

Connolly, T., & Reb, J. (2003). Omission bias in vaccination decisions:
Where’s the “omission”? Where’s the “bias”? Organizational Behavior
& Human Decision Processes, 91, 186–202.

Constans, J. I. (2001). Worry propensity and the perception of risk.
Behaviour Research and Therapy, 39, 721–729.

Diefenbach, M. A., Miller, S. M., & Daly, M. B. (1999). Specific worry
about breast cancer predicts mammography use in women at risk for
breast and ovarian cancer. Health Psychology, 18, 532–536.

Easterling, D. V., & Leventhal, H. (1989). Contribution of concrete cog-
nition to emotion: Neutral symptoms as elicitors of worry about cancer.
Journal of Applied Psychology, 74, 787–796.

Gilbert, D. T., Morewedge, C. K., Risen, J. L., & Wilson, T. D. (2004).
Looking forward to looking backward: The misprediction of regret.
Psychological Science, 15, 346–350.

Gilbert, D. T., Pinel, E. C., Wilson, T. D., Blumberg, S. J., & Wheatley,
T. P. (2002). Durability bias in affective forecasting. In T. Gilovich, D.

89EMOTIONS AND PREVENTIVE HEALTH BEHAVIOR



Griffin, & D. Kahneman (Eds.), Heuristics and biases: The psychology
of intuitive judgment (pp. 292–312). New York: Cambridge University
Press.

Gilbert, D. T., & Wilson, T. D. (2000). Miswanting: Some problems in the
forecasting of future affective states. In J. P. Forgas (Ed.), Feeling and
thinking: The role of affect in social cognition (pp. 178–197). New
York: Cambridge University Press.

Leventhal, H., Diefenbach, M. A., & Leventhal, E. A. (1992). Illness
cognition: Using common sense to understand treatment adherence and
affect cognition interactions. Cognitive Therapy and Research, 16, 142–
163.

Loewenstein, G., & Schkade, D. (1999). Wouldn’t it be nice? Predicting
future feelings. In D. Kahneman, E. Diener, & N. Schwarz (Eds.),
Well-being: The foundations of hedonic psychology (pp. 85–105). New
York: Russell Sage Foundation.

Loewenstein, G. F., Weber, E. U., Hsee, C. K., & Welch, N. (2001). Risk
as feelings. Psychological Bulletin, 127, 267–286.

McCaul, K. D., Branstetter, A. D., O’Donnell, S. M., Jacobson, K., &
Quinlan, K. B. (1998). A descriptive study of breast cancer worry.
Journal of Behavioral Medicine, 21, 565–579.

McCaul, K. D., Branstetter, A. D., Schroeder, D. M., & Glasgow, R. E.
(1996). What is the relationship between breast cancer risk and mam-
mography screening? A meta-analytic review. Health Psychology, 15,
423–429.

McCaul, K. D., Canevello, A. B., Mathwig, J. L., & Klein, W. M. P.
(2003). Risk communication and worry about breast cancer. Psychology,
Health and Medicine, 8, 379–389.

McCaul, K. D., Schroeder, D. M., & Reid, P. A. (1996). Breast cancer
worry and screening: Some prospective data. Health Psychology, 15,
430–433.

Mellers, B., & McGraw, A. P. (2001). Anticipated emotions as guides to
choice. Current Directions in Psychological Science, 10, 210–214.

Mellers, B., Schwartz, A., & Ritov, I. (1999). Emotion-based choice.
Journal of Experimental Psychology: General, 128, 332–345.

Miller, S. M., Shoda, Y., & Hurley, K. (1996). Applying cognitive–social
theory to health-protective behavior: Breast self-examination in cancer
screening. Psychological Bulletin, 119, 70–94.

Richard, R., de Vries, N. K., & van der Pligt, J. (1998). Anticipated regret
and precautionary sexual behavior. Journal of Applied Social Psychol-
ogy, 28, 1411–1428.

Sieff, E. M., Dawes, R. M., & Loewenstein, G. (1999). Anticipated versus
actual response to HIV test results. American Journal of Psychology,
112, 297–311.
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