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Abstract

Objective: The implementation of a safety measure can have counterproductive effects on other
protective measures and people engage in risk compensatory behavior (fewer safety behaviors). It is
essential to summarize different researches to better understand the dynamics of risk compensation
during COVID-19 pandemic in order to develop evidence-based interventions. Mass vaccination
and public use of facemasks, among others, had been widely adopted to halt COVID-19 pandemic.
Given marked variability in vaccines effectiveness and the lack of evidence of facemask efficiency in
preventing spread of infection, all preventive measures should be used as a single package. People
might feel false sense of safety when engaging in any of these COVID-prevention behaviors, as predicted
by risk compensation theory. this review aims to address the ongoing debate about risk compensation
during COVID-19 pandemic; to summarize the findings of previous studies about it; and to provide new
evidence base of the effects of a specific preventive measure on the other measures.

Methods: A structured search on PubMed and Google Scholar on January 8, 2024 for ever published
articles in English using keywords in different combinations (“Peltzman effect” OR ‘risk compensation’
OR ‘risk homeostasis”) AND (‘COVID19’ OR ‘COVID-19’ OR ‘covid19’ OR ‘covid-19’ OR ‘SARS CoV2’ OR
‘SARSCoV-2’ OR‘SARS-CoV-2’ OR ‘SARS-COV2’) AND (‘face mask’ OR ‘face cover’) AND (“distancing” OR
social distancing”) AND (“Vaccines’ OR “Vaccination”) AND (‘hand hygiene”) AND (‘Sanitizers’). The
search included various study designs including both observational and experimental studies.

Results: Studies showed conflicting results and no definite conclusion can be drawn about the risk
compensation during COVID-19 pandemic.

Conclusion: Current literature failed to provide a solid evidence of risk compensation during the
current pandemic. More community-based intervention studies are needed to provide solid bases for
future pandemics.
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INTRODUCTION

World Health (WHO)
acknowledged the COVID-19 pandemic on
11 March 2020.! People who perceived the

COVID-19 virus as threatening are more

Organization

likely to adopt the recommended preventive

measures, especially up-taking the vaccines.

Vaccination has played a key role in reducing
the health burden of COVID-19, however,
concern has been raised worldwide that risk
compensation, a process whereby feelings of
security arising from being vaccinated may
lead people to reduce their engagement in
other protective behaviours? could detract
from the overall health benefit of the COVID-19

vaccination campaign.!

Throughout the pandemic, the world has
become familiar with the concept of risk
compensation. In circumstances that are
perceived as unsafe, people naturally modify
their behavior, compensating to minimize
that risk. The effects of risk compensation
tend to fade over time as the personal threat
decreases.” This is known as pandemic
fatigue that is decreasing adherence to risk
reduction strategies
health

further weaken adherence to other safety

complicating public
efforts. Availability of vaccines

measures.” This phenomenon, in which
individuals respond to safety measures with
a compensatory increase in risky behavior, is
named the “Peltzman Effect” first described
it in 1975.%® The Peltzman’s phenomenon
has been varying, identified in specific safety
interventions but not others.”? The famous
example the use of pre-exposure prophylaxis
to lower the risk of HIV transmission has
been linked with diminished intention to

wear condoms, greater numbers of sexual
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partners,and increased occurrence of sexually

transmitted infections in some studies.*®
Rationale

Although theoretically plausible, empirical
evidence onriskcompensationis mixed. There
are many studies in different countries and
dates with conflicting results about presence
of risk compensation and its effects during
COVID-19 pandemic.? Risk compensation
in response to government actions became
a public issue. There is a need for further
research to better know the dynamics of risk
compensation during pandemics in order
to develop evidence-based interventions to
mitigate the potential negative consequences
of Peltzman's effect and to examine the
presence of a risk compensation effect of one

preventive measure on other measures.
Aim

To provide a short review on risk
compensation and related terms and to
summarize the findings of previous studies
about risk compensation during COVID-19

pandemic.

METHOD

This study is a narrative review that
summarizes results of previous publications
regarding the theory of risk compensation
and its presence during COVID-19 pandemic.
A structured search on PubMed and
Google Scholar on January 8, 2024 using
the following search terms in different
combinations (“Peltzman effect” OR ‘risk
compensation’ OR ‘risk homeostasis’) AND
(‘COVID19’ OR ‘COVID-19’ OR ‘covid19’” OR
‘covid-19’ OR ‘SARS CoV2’ OR ‘SARSCoV-2’
OR‘SARS-CoV-2’ OR ‘SARS-COV2’) AND (‘face
mask’ OR ‘face cover’) AND (“distancing”
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OR social distancing”) AND (“Vaccines’ OR
“Vaccination”) AND (‘hand hygiene’) AND
(‘Sanitizers’). All previous English publications
were included. We excluded case reports, case
series, duplication, editorial and non-formal/
personal notes. All other study designs were
included if they consider the effect of one
or more preventive measures on the other
measures, whatever the target group. A
total of 117 articles were downloaded, 60 of
them were included in the review and 20 of
them were found to have findings about risk
compensation during COVID-19 pandemic.

RESULTS AND DISCUSSION
Peltzman effect

In 1975, Samuel Peltzman first described
the phenomenon of compensating behavior
(Peltzman effect, aka: risk compensation
or risk homeostasis in epidemiology). This
phenomenon has been used to explain the
unintended consequences of a number of

health care interventions 3.

In his paper “The Effects of Automobile

Safety Regulation,” Peltzman® concluded
that safety regulations like seatbelt laws
did not affect highway death rates. Instead,
the implementation of safety regulations
led to riskier behavior from drivers. As a
result, while driver death rates decreased,
pedestrian death rates and property damage
accidents increased.* The basic premise of
the theory is that people hold a specific target
risk level or risk preference that they attempt
to maintain. If a situation exceeds this target
risk level, people engage in actions to lower
the perceived risk. People likewise engage
in risk-taking behaviors when the perceived
risk is lower than their risk preference.? The

external implementation of safety devices or
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regulations can lead to a risk reduction (e.g.,
a seat belt protects the driver from serious
accidents) 3, causing people to feel safer, which
then results in more risk-taking behavior 2.

There are confusion and debate among
different specialties about the three terms
Peltzman effect, risk compensation and
risk homeostasis. Some scholars consider
these terms to be synonymous while others

consider they represent different ideas °.

The risk compensation theory (RCT) is
a behavioral model of human attitudes
towards risk which suggests that people
might adjust their behavior in response to
the perceived level of risk. The decrease in
perceived risk through access to preventive
measures may lead to increasing frequency
of risky behaviors especially in the domain
of health-related behaviors. The COVID-19
pandemic has exposed people to the sense
of risk compensation and behavior change in
response to the perceived risk. This results
in false sense of safety and un-intended
consequences. This phenomenon has been
reported especially after mass vaccination
with possible negative effectsand effectiveness

of vaccination programs.”?®

Risk compensation has been investigated
even before COVID-19 pandemic using
different methods e.g., observational studies
or natural experiments®, lab experiments’®,
self-report questionnaires !, and population-
level statistics.'? These studies reported the
presence of risk compensation and showed
that it may not be universal and depend on the
type of the behaviors and the intervention.

Risk homeostasis is a controversial hypothesis
suggesting that people undertaking protective
interventions are likely to exhibit increased
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harmful behaviors and be exposed to higher
risk. They compare the expected benefits and
costs of safe behavior versus the expected
benefits and cost of the risk behavior.®

Mechanism of risk compensation

There was an interaction between the
multiple preventive measures that lead to risk
compensation during COVID-19 pandemic.
The

includes both economic and psychological

mechanism of risk compensation
aspects. Economically safety can be perceived
as a good, and thus traded for other more

desirable goods.>*?

the
psychological aspect that is people reached

Risk homeostasis theory explains
desired level of risk, if this level is reduced by
an intervention people will uptake other risks

until they return to this tolerated risk level.’

Hedlund 2

preconditions that play a role

has identified four mental
in risk
compensation behavior: 1) the intervention
must be visible; 2) there is a perception of
protection, 3) motivation to increase risk-
taking, and 4) control and opportunity to
adjust behavior. A contributing factor is
the effectiveness of the intervention on
mutant strains. However, most of vaccines
are protective against new mutants.'* All
these criteria were meeting in the COVID-19
The COVID-19

measures are visible (e.g. vaccine uptake,

pandemic.' preventive
wearing facemask, ..etc) and many people

preceive these measures as protective

so people adopt them. Pharmaceutical
companies claimed the high effectiveness of
different vaccines that encourage vaccinated
persons to take the risk of neglecting other
protective measures. Most of these measures

are under perosnal control and are available
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for all people.

Risk compensation and various preventive
measures of COVID-19

Currently the COVID-19 preventive measures
include mass vaccination as a specific measure
and non-specific measures that pertinent to all
respiratory infections e.g., facemask wearing,
social distancing, lockdown, personal hygiene
and use of sanitizers. All these strategies
have focused on breaking the chain of virus
transmission. All preventive measures should
be taken as a single package for effective
control of COVID-19 at community level. It is
not clear whether the simultaneous adoption
of all preventive measures is additive or
multiplicative in effects. To the best authors’
knowledge there is no literature to support
the effects of simultaneous or combined use

of different preventive measures.
(1)COVID-19 vaccines

Efficacy of COVID-19 vaccines varies and
all vaccines give neither immediate nor full
protection. However, over-confidence in
vaccines gives a sense of personal safety and
is associated with increasing in risky behavior
by neglecting other non-specific preventive
measures including facemask use, distancing
and hand hygiene. The vaccinated individuals
could still become infected and transmit the
virus and its variants.'® An epidemiological
study showed that the probability of COVID-19
positivity increased after the first dose of the
vaccine,'” loannidis,’® in his mathematical
model concluded that risk compensation may
eliminate the benefits of COVID-19 vaccines,
especially with low vaccine effectiveness and/

or low probability of infection in population.
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(2)Facemask wearing

Wearing facemask correctly in closed spaces
was recommended to decrease transmission
of COVID-19 viruses. There is uncertainty
about the size of effects of face coverings in the
package of measures forreducing transmission.
Evidence from Ilaboratory and community
experiments as well as observational studies
justifies the use of facemas.!*?*?! Mask wearing
may encourage people to neglect other
preventive measures and increases the risks
for transmission and reduces its benefits.?? It
is recommended to wear facemasks with other
preventive measures because their minimal

risks and substantial effects.??

(3)Social distancing and avoiding physical
contact

Social or physical distancing from others cut
the chain of transmission of infectious diseases
including COVD-19.2* The distance specified
to be six feet (about two meters) at least.?
Physical distancing includes shielding and
avoiding gatherings and crowd, shaking hands,
hugging and kissing.?® Early social distancing
has substantial impact on the number of
infected individuals and deaths by COVID-19
and is dependent

upon demographic,

environmental, behavioral and economic

dimensions.?’

(4)Lockdown
quarantine

(mobility limitation)/

The lockdown,
restrictions are

quarantine and mobility

types
distancing enforced by governments to halt

special of social

the COVID-19 pandemic. These include closure
of non-vital services and retail shops as well
as precautionary measures at work and in

educational settings.”®

Many studies concluded that the pandemic
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can be curbed by lockdown in different
countries.?®?%3! Furthermore, some scholars
postulated that affects the

environment,

lockdown
people’s  psychology, and
economy.?’ Some studies reported no effect
of lockdown on morbidity and mortality of
COVID-19 and recommended the economy-
friendly relaxed control measures to prevent
the adverse effect on mental health and quality
of life associated with lockdown fatigue and
increased mortality from other causes e.g.,

myocardial infarction, suicide, and stroke.???3

Forlockdown to be effective it should be applied
in a large scale and very early in the pandemic
associated with other control measures after
assurance of people’s solidarity as well as
adherence to the necessary changes through
information, education and communication
(IEC).323%* Cost-benefit analysis should be
considered before enforcing lockdown for

future pandemic.*®
(5)Personal hygiene and use of sanitizers

During the COVID-19 pandemic, personal
hygiene and sanitizers use were advocated and
promoted to prevent the spread of infection
together with other measures. 3¢ Theseincluded
thorough cleaning of hands either with 60%
alcohol-based rub or soap and water, cover
mouth and nose by a tissue when coughing or
sneezing, dispose tissue into closed pin, and
disinfect regularly touched surfaces e.g., door
handles, phone screens and faucets.?”83° The
challenges of these measures in developing
countries are high population density, low
hand washing facilities, air pollution, lack
of access to clean water as well as limited
personal protective equipment. The correct
and sound use of disinfectants and sanitizers
is important to avoid their adverse effects on

the humans, animals, and environment.*%#!
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Table 1. Summary of risk compensation in different COVID-19 preventive measures.

Author & Year Study design Coun.t Ty/ Population Protective Effect on other measures Risk .
setting measure compensation
More hand-washing & mask wearing after
Chi 544 COVID-19 vaccination than prior to it.
42 ) ina, . .
Chen etal. “? Cross-section hospital inpatients grade No
p 111 -Significant lower % of wearing masks and
hand washing in non-vaccinated group
1958 general Vaccinated are more likely to perform
Hall et al. ® Cross-section Canada gen distancing, mask wearing and hand hygiene No
population ;
than unvaccinated.
No significant differences in hand washing
Yang et al. 3 Online survey China 602 travellers and mask wearing among travellers. These No
measures partly improved among vaccinated.
754 (2 periods)
. 12 European Oxford R .
Hale et al. ¥ Cross-section . COVID-19 No reduction in distancing or mask use No
countries
Government Vaccination
Response
Tracker
Wambua et al. ) Cross-section 16 European 29292 ger_)eral More social contacts Yes
countries population
Desrichard et al. Longitudinal UK 765 gen_eral 14 precautionary measures No
study population
Wright et al. 49 Longitudinal UK 70,000 adults General precautionary measures & social No
study distancing
Daily vaccines,
credit cards,
Hwang et al. ) Panel datz_x M South Korea alrlme_: Shopping, travel & socialization No
cross-section companies,
survey (4980
subjects)
Agrawal et al. 49 National panel USA 122,4Q5 Mask, hand washing, avoiding crowds and No
data observations restaurants
Oliver et al. Observatlo_nal USA 2,068 geqeral Social distancing No
cross-section population
Randomized Joining
Seres et al. 59 field Germany N Social distancing No
. lines in front of
experiment
stores
Aranguren et al. ® Flgld France >4.'500 reql—llfe Distancing Yes
experiment interaction
geo-located
52 . . .
Kovacs et al. Ecologic study Germany smartphone Social mobility Yes
data.
Two online 401 & 400 Participants would stand, sit, or walk closer
Luckman et al. @ ; UK general to the stranger if either of them was wearing Yes
scenarios ’
population a mask.
. o Facemask P . . o
Daily mobility & Significant increases in community mobility
Wadud et al. 3 Record-based  Bangladesh. COVID-19 cases and decreases in stay at home associated Yes
records with increases in new COVID-19 cases.
106,880 Yes (close
Jorgensen et al, 69 Qu_asr Denmark Decrease in close contact. No effect on contact)
experimental General hygiene
population No (hygiene)
Daily SafeGraph
smart device
Yan et al. &9 Qu_351- USA locathn Qatq Less time at hom_es and more visits to high- Yes
experimental and variation in risk location
the date of face
mask mandates
C . F 1396 & 1326 Men: less distancing Yes (men)
Aran 6) ross-section rance diast )
guren : ) pediasterns (
observational (Paris) Y R
waves) Women: distancing in one wave No (women)
Guenther et al. 67 Cross-section UK 1254 gen_eral Lockdown Increase mask use & distancing No
population
Henk et al. &9 Longitudinal Germany 989 gene_:ral Quarantine Less distancing Yes
population & face masks
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Table 1 summarizes the risk compensation
of each preventive measure on the other
measuresindifferentstudies. Twinety studies
explored risk compensation. It is clear that
the majority of studies are cross-sectional in
design (50%; 10 out of 20) done in general
population of Europe, USA and Canada
(80%; 16 out of 20); three are longitudinal,
two quasi-experimental and only one field
trial. Risk compensation was studied mostly
for vaccination (50%; 10 out of 20) and
facemask (50%; 10 out of 20) as these are
the most commonly adopted measures. Risk
compensation behavior was reported in 40%
(8 out of 20) of studies retrieved. Few studies
were done in developing countries (25%, 5
out of 20) where the situation may be worse

than developed countries.*24347:53

Effects of risk compensation

Risk compensation phenomenon reverses
the benefits of different COVID-19 preventive
measures, especially if each intervention is
not sufficiently effective when used alone
in real life or among high-risk groups.
Witnessing someone else taking a precaution
could potentially increases one’s possibility
of taking a risk e.g.,, who have not received
a COVID-19 vaccine may, consciously or
subconsciously, neglect facemasks and
distancing as long as others received the
vaccine. This could be potentially disastrous

resulting in a higher disease burden.’
How to overcome risk compensation?

For counteracting and neutralizing the
false believe leading to risk compensation
it is important to recognize and be aware
of its existence in the community. Public
campaign of IEC (information, education
and communication) should be carried

Turk ] Public Health 2024;22(3)

out by the mass media, government and
medical personnel to reinforce all preventive
measures to be tackled as a single package.®°
The public health messages should be clear,

reliable, straightforward, and feasible.

Risk compensation in COVID-19 varies from
population to another and within different
strata of the same population depending on
risk perception and level of adherence with
public health measures.!> Counteracting the
widespread misinformation (infodemic)
should be a component of COVID-19 control
program.

Limitations and biases

A limitation of this narrative review is
the
risk compensation during the COVID-19

contradictory  findings regarding
pandemic in the included studies. There
is no standardization of research designs,
most of them are descriptive in nature with
self-reported answers that introduce recall
bias and/or social desirability impage. Also
studies were done on different populations

and different dates.

CONCLUSION

This brief

that several amounts and types of risk

narrative review revealed
compensation have occurred in response to
some preventive measures but not in reaction
to others. Studies showed conflicting results

and no definite conclusion can be drawn.

Alertness of risk compensation counteracts
the false believes and practices. Itis important
to implement all preventive measures as
a single package to augment each other
including vaccination, facemask wearing,
physical and social distancing and sanitizers

use.
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Risk compensationis morelikely to be reported
in observational rather than experimental
studies with conflicting results and higher risk
ofbias. There isaneed for social and behavioral
longitudinal research, especially in developing
countries, to map risk compensation types and
at high-risk groups to tackle this phenomenon
as COVID-19 is still existing.
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