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ABSTRACT

Background: Some believe that vaccinating young
women against human papillomavirus (HPV) will increase
their risky behavior. In more formal terms, vaccination
lowers risk perception, and people compensate for their lower
perceived risk by reducing other preventive behaviors.
Purpose: We test several predictions from the risk compen-
sation hypothesis in the context of vaccination behavior.
Methods: We obtained a random sample of adults
(N ¼ 705), interviewing them by phone just as the Lyme
disease vaccine first became available to the public and again
18 months later. Analyses controlled for age, sex, education,
and race. Results: Vaccinated respondents were less likely to
continue engaging in two of five protective behaviors after
vaccination. The frequency of these protective behaviors did
not dip below that among the unvaccinated respondents.
Conclusions: We found some evidence of regression (protec-
tive behaviors dropping, after vaccination, to levels reported
by the unvaccinated cohort). However, we did not find disin-
hibition (exceeding the risk taking of the unvaccinated
cohort), the greater threat to public health. Although we will
not know for several years what effect HPV vaccination has
on other behaviors, if any, data on other vaccinations can
offer critically important information in the interim.

(Ann Behav Med 2007, 34(1):95–99)

INTRODUCTION

The U.S. government recently approved (1) a highly
effective vaccine for preventing infection with two onco-
genic types of human papillomavirus (HPV) (2), the agent

that causes cervical cancer (3). The news was enthusiasti-
cally received by public health and medical professionals
responsible for reducing cervical cancer deaths. At the
same time, a vocal group of opponents to the vaccine
renewed their opposition to its use, claiming that young
women who are vaccinated would be more likely to engage
in premarital sex (4). Formalizing their claim conceptually,
young women may experience ‘‘sexual disinhibition’’:
Getting vaccinated may cause them to believe they are less
at risk for cervical cancer and, for this specific reason, be
more likely to engage in sexual behavior than their peers,
thus increasing their risk for cervical cancer and sexually
transmitted infections.

Sexual disinhibition is consistent with theories of risk
compensation (also called risk homeostasis) (5). These the-
ories propose that people have stable preferences for a cer-
tain amount of risk and that the feeling of safety created by
the initial preventive activity creates a surplus of risk that
will be expended elsewhere by reducing other protective
actions. The findings on the effects of seat belt use that
were initially offered in support of risk compensation are
controversial (6). By some measures, seat belt use and air
bag provision appear to cause a minority of drivers to com-
pensate by driving less safely (7), but their use yields a net
overall benefit in terms of lower mortality, and some evi-
dence even suggests that seat belt laws reduce driving
speeds (8). Numerous studies in the field of HIV prevention
offer similar contradictions. Offering injection drug users
free needle exchange reduces HIV infection (9), but it does
not appear to increase intravenous drug use, despite largely
anecdote-based arguments to the contrary (9). Initiating
antiretroviral therapy is associated with increases in sexual
risk behavior in some studies but not in others; one
study even showed both increases and decreases in
sexual risk taking (10). Closer to the issue of adolescent
behaviors, parents are more inclined to let children using
safety gear engage in risky behavior (11) (not an unreason-
able choice if the equipment is highly effective), but the
children themselves do not appear to change their
behaviors (11).
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None of these studies examined whether changes in
perceived risk mediated the effects on behavior, as sug-
gested by the risk compensation hypothesis. In our own
research, we have found that people vaccinated against
Lyme disease came to believe they were less at risk than
their counterparts who remained unvaccinated (12). A logi-
cal extension is that lower perceived risk among vaccinated
respondents in our study might cause them to engage in
risky behaviors. This could be problematic as the Lyme
disease vaccine, like the HPV vaccine, is not completely
effective in preventing disease.

Considering two findings that could result from risk
compensation identifies its potential implications for public
health. We call one finding regression, in which engaging in
more risky activities and fewer protective behaviors as a
result of vaccination merely moves people toward the risk
profile of the unvaccinated cohort. We call the other find-
ing disinhibition, in which vaccination leads people to
engage in more risky activities and fewer protective beha-
viors than the unvaccinated cohort. These two possible
outcomes of risk compensation have very different poten-
tials to impact the public’s health, with behavioral disinhi-
bition posing potentially severe problems. Despite the
appeal of risk compensation, the empirical literature yields
no clear-cut prediction for the effects of HPV vaccination
on other behavior. In fact, we are aware of no studies that
examine side effects of vaccination on risky behaviors. We
conducted a longitudinal study of vaccination behavior
that allows us to test the longitudinal relationship between
Lyme disease vaccination, risk perception, and other pro-
tective behaviors. These data address the question of
whether vaccination is associated with engaging in fewer
other protective behaviors and whether this reduction is
characteristic of regression or disinhibition.

METHOD

The methods for our study have been reported pre-
viously (12). Using random-digit dialing, we recruited 745
adults in areas of the northeastern United States with high
Lyme disease incidence, interviewing them by phone just as
the Lyme disease vaccine first became available to the pub-
lic in spring 1999 and again 18 months later in fall 2000.
During both interviews, participants reported the Lyme-
disease-protective behaviors in which they engaged. At
follow-up, they also reported whether they had been vacci-
nated against Lyme disease. Data were dropped for 40
people whose homes did not have yards and who, for this
reason, could not engage in many of the yard-related Lyme
disease protective behaviors. Data were analyzed using
repeated measures analyses of covariance, modeling all
main effects and interactions of time with all other
variables, and linear regressions predicting change in risk
perception. All analyses controlled for age, sex, education,
and race (coded as White or other). As reported previously,

respondents were well educated, were more likely to be
women (60%), had a mean age of 42 (range ¼ 20–70),
and were primarily White (94%).

RESULTS

We test five predictions, listed in Table 1, that we
derived from the risk compensation hypothesis. In a pre-
viously published article, we reported that respondents
with higher perceived risk at baseline were more likely to
get vaccinated (n ¼ 42), and as a result, their perceived risk
fell to levels below their initial starting point and even
below those not vaccinated (n ¼ 663) (12). These findings
support the behavioral motivation hypothesis and the first
prediction derived from the risk compensation hypothesis,
respectively.

In the analyses presented here, vaccinated persons
engaged in somewhat more Lyme disease protective beha-
viors overall than those not vaccinated (as shown by the
main effects of vaccination group for three of the behaviors
studied; see Figure 1). Respondents engaged in all beha-
viors less often at follow-up than at baseline, except for
avoiding certain areas in their yards, which they did more
often (as shown by the main effect of time, ps < .05).1 Most
important, vaccinated respondents reduced their protective
behaviors after vaccination to a greater extent than those
not vaccinated for two of five behaviors studied (as shown
by significant interactions of group with time, p < .10, for
use of tick repellent and p < .05 for wearing light-colored
clothing). However, the frequency of these two behaviors
did not dip below that among the unvaccinated respon-
dents at follow-up. There was no significant change in
the other three behaviors related to vaccination. The
findings partially support the second prediction of the
risk compensation hypothesis and are consistent with
regression but not disinhibition.

We also examined the role of changes in risk percep-
tion, although we acknowledge that our having measured
risk perception, vaccination, and other behaviors at the
same time limits the interpretability of these analyses.
Because engaging in other protective behaviors should
eliminate any vaccination-related drop in risk perception,
our design allows us to make meaningful inferences only
about the relation between change in risk perception and
changes in other behaviors unaffected by prior vaccination.
Analyses found people with larger changes in risk percep-
tion had larger drops in other behaviors between baseline
and follow-up (as shown by the interactions of change in
risk perception and time), but the findings were relatively
weak. However, the findings were more apparent for the
three behaviors depicted on the right of Figure 1 that did
not show vaccination-related reductions (one p < .05, two

1Given the sample size, the study is powered to detect effect
sizes of Cohen’s d� .14.

96 Brewer et al. Annals of Behavioral Medicine



ps < .10) and less for the other two on the left of the figure
(p < .10 for the behavior that had a marginally significant
vaccination-related reduction). The three-way interaction
was not significant for any behavior, but the small number
of vaccinated persons may make this last finding inconclus-

ive because of inadequate power. Overall, we found weak
support for the third risk compensation prediction.

Additional analyses examined whether reducing other
behaviors mitigated the reduction in risk perception caused
by vaccination. Indeed, we found that those who reported
engaging in fewer protective measures overall at follow-up
than at baseline experienced a smaller decrease in risk
perception (standardized regression coefficient ¼ �.10,
p < .05), supporting the fourth risk compensation predic-
tion. However, the reduction in these behaviors did not
interact with having been vaccinated (t ¼ .85, p ¼ .40),
suggesting that those who were vaccinated and reduced
their other behaviors did not experience different changes
of risk perception than those who were not vaccinated.
This final analysis fails to support the fifth risk compen-
sation prediction.

DISCUSSION

Although we will not know for several years what
effect HPV vaccination has on other behaviors, if any, data
on other vaccinations can offer critically important infor-
mation in the interim. We found some support for the risk
compensation hypothesis in the case of Lyme disease vac-
cination, although it did not affect the majority of other
behaviors. The frequency of the two behaviors that showed
the predicted effect remained above the nonvaccinated
group, suggesting regression to the risk profile of the
unvaccinated cohort but not disinhibition as we define it.
We acknowledge the possibility that, had we extended the
time period of our study, the falling rates for several pro-
tective behaviors among the vaccinated cohort may have
continued, but this is not shown in the data we report.

TABLE 1

Hypotheses About Risk Perception and Behavior

Hypothesis Predictions Evidence

Behavior motivation People with higher risk perception will be more likely to get
vaccinated.

Clear supporta (present study)

Risk compensation 1. People who get vaccinated will experience a drop in per-
ceived risk (that is larger than unvaccinated persons).

Clear support (present study)

2. People who get vaccinated will later engage in fewer other
protective behaviors.

Partial support (present study)

3. People who get vaccinated and experience greater drops in
risk perception will engage in fewer other protective beha-
viors.

Weak support, but study design not
well suited for testing this prediction
(present study)

4. People who engage in fewer other protective behaviors will
report an increase in risk perception.

Clear support (present study)

5. People who get vaccinated (and thus experience a drop in
perceived risk) and engage in fewer other protective beha-
viors as a result (and thus experience an increase in risk per-
ception) will show the little or no change in risk perception
pre- and post-vaccination.

Not supported (present study)

Note. The first prediction of the risk compensation hypothesis is equivalent to the risk reappraisal hypothesis described previously by Brewer,
Weinstein, Cuite, and Herrington (12). Prediction 2 could support regression or disinhibition depending on the pattern of findings.

a Brewer, Weinstein, Cuite, and Herrington (12) and Brewer, Chapman, Gibbons, et al. (18).

FIGURE 1 The effect of vaccination on other health behaviors.
The interaction of vaccination and time (for using tick repellant
and wearing light-colored clothing) indicates a reduction in these
behaviors postvaccination, but vaccinated respondents remained
at least as likely as unvaccinated persons to engage in these two
protective behaviors. Letters above the x-axis indicate statistically
significant effects. G ¼ main effect of vaccination group;
T ¼ main effect of time; G�T ¼ interaction of vaccination group
and time (i.e., the effect of vaccination on behavior);
R ¼ interaction of time and change in risk perception. yp� .10.
�p� .05. ��p < .001.
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The many conditions that allow risk compensation to
occur as a result of getting the Lyme disease vaccination
are unlikely to exist for HPV vaccination. First, young
women would have to perceive themselves at risk for cervi-
cal cancer, perhaps a reasonable hypothesis given the wide-
spread fear of cancer. Second, they would have to connect
sex and HPV and cervical cancer in their minds, beliefs that
do not exist for most adult women (13). Third, the ado-
lescent girls would have to exhibit the usual relationship
between perceived risk and behavior, a link that many
researchers are skeptical of for this specific age group
(14). Even allowing this, perceived risk is not the main dri-
ver of adolescent risk behavior, with perceived benefits and
peer norms playing much more prominent roles (15).
Finally, they would have to believe that the vaccine reduces
their risk for cervical cancer because it blocks a sexually
transmitted virus, a belief that has not been examined
empirically among adolescents. All of these steps hold for
analogous constructs relevant to Lyme disease (i.e., per-
ceiving a risk for infection, believing that behavior leads
to infection and disease, risk perception affecting risk beha-
viors, and believing that the vaccine is effective). Such links
are unlikely to be supported by future research on HPV
vaccination, and even then, whether one would find
support for disinhibition or regression is unclear.

Although Lyme disease and HPV vaccination share
several qualities, there are also dissimilarities. Lyme dis-
ease, although of concern to many people, is not fatal,
and it does not elicit the level of fear that cancer does.
Unprotected sex that can lead to HPV acquisition may
be meaningfully different than the habitual or relatively
deliberate Lyme disease precautions that we examined,
although sexual debut is often accompanied by great delib-
eration, and condom use requires at least some deliberate
advance planning. Vector-borne diseases such as Lyme
disease exist in a different social context than sexually
transmitted infections, with the latter eliciting complex
reactions of shame and moral distaste. The participants
in our study may be quite different from the young adult
women and parents of adolescent girls who are presently
the primary decision makers about HPV vaccination.

However, several similarities cause us to think that the
findings we report can contribute to the current debate
over HPV vaccination. Both diseases are caused by expo-
sures that are typically volitional. More important, the
Lyme disease vaccine is about 80% effective in preventing
infection (16), and HPV vaccination may prevent only 70%
of cervical cancers because it does not protect against many
oncogenic HPV types (2,17). The imperfect effectiveness
raises the concern that people who are vaccinated may
misunderstand the extent to which they are protected.

A reasonable concern about the risk perception analy-
ses we report is that changes in other behaviors should
again increase perceived risk, thereby offsetting the reduc-
tions caused by vaccination. This criticism calls for other
more intensive research designs that can better track

changes in risk perception between the changes in various
behaviors. It also highlights the many problems with exist-
ing tests of the risk compensation hypothesis: Most such
studies rely on trend data that cannot address the within-
subjects changes that the risk compensation hypothesis
argues for and that we examine, however imperfectly, in
our study.

Several aspects of our study have the potential to affect
its generalizability. Relatively few people were vaccinated,
making this a study of truly early adopters who may differ
from those who make decisions once a vaccine has been in
mainstream use for several years. Because our sample was
selected at random from areas with high prevalence rates of
Lyme disease, studies in locations with lower incidence of
the disease could yield different results. Although the
sample was representative of homeowners in the areas we
studied, it overrepresented White and well-educated parti-
cipants relative to the entire population. Our longitudinal
findings do not eliminate rival explanations to the extent
that an experiment in which people were randomly
assigned to receive the vaccine would. In addition, research
is needed that examines whether experimentally manipu-
lated risk perception can affect vaccination, given that
no studies that we are aware of have addressed this
question (18).

In sum, we found some empirical support for the claim
that vaccination would reduce other protective behaviors.
However, we do not find persuasive the theoretical argu-
ments necessary to support sexual disinhibition caused by
HPV vaccination. It is far more plausible, for example, that
routine cervical cancer screening (i.e., Pap testing) will
show disinhibition, because many women correctly under-
stand the link between such screening and cervical cancer.
This and similar questions about the effect of vaccination
on other behaviors should be addressed empirically by
future research.
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