CRriTicAL ReviEw
Dentistry

Paulo NADANOVSKY!©
Luciane Rezende COSTA®
Ana Paula Pires dos SANTOS®

©@Fyndacdo Oswaldo Cruz — Fiocruz, Escola

Nacional de Satde Publica, Departamento
de Epidemiologia e Métodos Quantitativos
em Saude, Rio de Janeiro-RJ, Brasil.

®Universidade Federal de Goids, Faculdade de

Odontologia, Goiénia, GO, Brasil.

©Universidade do Estado do Rio de Janeiro

— UERJ, Faculdade de Odontologia,
Departamento de Odontologia Preventiva e
Comunitéria, Rio de Janeiro, RJ, Brasil.

Declaration of Interests: The authors
certify that they have no commercial or
associative inferest that represents a conflict
of interest in connection with the manuscript.

Corresponding Author:
Paulo Nadanovsky
E-mail: nadanovsky@ensp.fiocruz.br

https://doi.org/10.1590/1807-3107bor-2020.vol34.0078

Submitted: September 6, 2019
Accepted for publication: September 22, 2019
Last revision: June 10, 2020

Risk communication in the context of
clinical research

Abstract: Physicians and dentists usually make clinical decisions and
recommendations without a clear understanding of the meaning of the
numbers regarding the accuracy of diagnostic tests and the efficacy
of treatments. This critical review aimed to identify problems in the
communication of diagnostic test accuracy and treatment benefits
and to suggest strategies to improve risk communication in these
contexts. Most clinical decisions are taken under uncertainty. Health
professionals cannot predict the outcome in one individual patient.
This uncertainty invites these professionals to make decisions based
on heuristics, which gives rise to several cognitive biases. Cognitive
biases are automatic and unconscious, so how is it possible to mitigate
their undesirable effects on risk interpretation in the context of clinical
practice? Some forms of risk communication reinforce cognitive bias,
while others weaken them. Maybe one of the most difficult obstacles
to overcome is the difficulty to think with numbers. This difficulty
probably arises from a mismatch of ancestral adaptations of the brain
having to deal with modern environments, which are quite different
from the ancestral ones. There are two quite common, but bad, forms
of risk communication: the conditional probability and the relative risk
reduction or efficacy. People, including physicians and dentists, are
confused with this kind of information. The main methods discovered
so far to facilitate a clearer understanding are to emphasize the base
rates of the events and to use absolute numbers, that is to use natural
frequencies, instead of percentages and conditional probabilities.

Keywords: Risk Assessment; Risk Management; Evidence-Based Practice.

Introduction

The interpretation of evidence to inform health care decisions depends
on the transparent communication of risk, among other factors. This critical
review aimed to identify problems in the communication of diagnostic
test accuracy and treatment benefits and to suggest strategies to improve
risk communication in these contexts.

Medical convictions can be delusional: the PSA and the
preventive colonoscopy

Some years ago, between my 40s and 50s (PN), my doctor told me I had
reached an age in which I should begin to undergo periodical exams for
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prostate cancer detection, the PSA (Prostate-Specific
Antigen). He did not give me any information about
the risk of a man of my age developing prostate
cancer or dying from prostate cancer. He also did
not tell me the extent to which these periodical
exams would reduce my risk of dying from prostate
cancer. Fortunately, by that time, I had been teaching
evidence-based clinical practice for many years, and
prostate cancer was one of the examples I used in
my classes. Therefore, I was aware of two things:
a) The risk of a 50-60-year-old carioca dying in the
next 10 years was 135 in 1,000; from prostate cancer,
only 1in 1,000; that is my probability of dying from
prostate cancer was relatively very small. b) The
periodical PSA assessment does not reduce the risk
of dying from prostate cancer, and worse than this,
it increases my risk of unnecessary surgery and its
frequent negative consequences, such as urinary
incontinence and sexual impotence. Let us see the
numbers. For every 1,000 symptomless 45-80-year-
old men, without the PSA, 68 will be diagnosed with
prostate cancer, seven will die from prostate cancer,
and 61 will be treated and survive cancer. With PSA,
88 will be diagnosed with prostate cancer, seven
will die from prostate cancer, and 81 will be treated
and survive cancer. Thus, due to PSA screening, no
lives will be saved, and approximately 20 men will
be diagnosed and treated for cancer that would not
have caused them any harm.'?

My doctor stopped insisting on the PSA but then
started recommending colonoscopy screening for
colorectal cancer. Dear reader, I like and trust my
doctor very much. He is a very competent doctor and
a genuinely nice person. The point here is not to say
that there is a problem with him. We argue that there
is areal and widespread problem that encompasses
all health professionals and beyond the health field.
There is a problem of communicating risks, which
makes it difficult for society as a whole and each
person individually to make rational decisions.
We are trying to show how this problem occurs in
medicine, dentistry, and health sciences in general.

So, back to the colonoscopy. This example was
drawn from an article published in the New England
Journal of Medicine (NEJM), in which the editor
selected “a dozen of articles that changed practice

2 Braz. Oral Res. 2020;34(supp2):e078

since 2000”.? Let us turn to the numbers again. The
mortality from colorectal cancer in the 15 years of
follow-up was compared between patients who
had adenomas removed (colonoscopy) and the
general population.* There was a 53% mortality
reduction in the colonoscopy group in comparison
to the general population!* Probably this was the
result that encouraged my (PN) doctor and others
to recommend colonoscopy screening, and that
made the NEJM chief editor select this article as
one of the most influential since 2000.> However,
53% efficacy or relative risk reduction does not mean
that 53% of the patients benefit from colonoscopy!
Many people believe that 53% efficacy means that,
for every 100 people who undergo a colonoscopy and
have adenomas removed, 53 have their lives saved.
However, this is an illusion very distant from reality.
To understand what this 53% efficacy means, let
us improve risk communication. This 53% efficacy
derived from the following numbers: 2,602 patients
underwent colonoscopic removal of adenomatous
polyps, and 12 died from colorectal cancer in the 15
years of follow-up, whereas in the general American
population, there were 25.4 deaths from colorectal
cancer. This difference of 13.4 deaths, that is 25.4
minus 12, means a 53% reduction - 13.4 correspond
to 53% of 25.4. To improve the risk communication
even more, these numbers can be transformed into
rates per 1,000 for the 15 years of follow-up: there
were approximately 5 deaths from colorectal cancer
in the colonoscopy group and 10 in the general
American population. Thus, colonoscopy reduced
the risk from 10 in 1,000 to 5 in 1,000. Note that this
is a 0.5% and not 53% absolute benefit.

Besides the absolute numbers being much more
modest than the 53% efficacy implies, it is important
to note that this study that changed medical
practice was not randomized - it did not compare a
group randomly allocated to colonoscopy to a group
randomly allocated to no colonoscopy.* Thus, it is
likely that the groups of this study (colonoscopy
versus general population) were not comparable.
The mortality rate from all causes was higher in
the general population than in the colonoscopy
group, which might have distorted the results.
Generally, screened groups have a healthier



lifestyle and a better socioeconomic condition,
which reduces the risk of death irrespective of
screening. Therefore, the approximate reduction
from 10 to 5 deaths in 1,000 people attributed to the
colonoscopy may be overestimated in this study.
Additionally, the risk of dying from any cause in
the group of colonoscopy was 479 in 1,000 in the
15 years of follow-up, which means that the risk
of dying from colorectal cancer is relatively small
in comparison to any other cause.

To sum up, there might be a mortality reduction
due to periodical colonoscopy screening. Still, it
appears to be modest in absolute terms and uncertain
given the methodological limitations of the best
available scientific evidence. Thus, until results
from randomized controlled clinical trials become
available, physicians should be less assertive and
more informative when recommending screening
colonoscopy to their patients.

We will see that physicians and dentists get
confused with these percentage reductions, such as
the 53% presented in the colonoscopy study. They
usually make decisions and recommendations without
a clear understanding of what these numbers mean.

Human illusions

This overconfidence, common among physicians
and illustrated in the PSA and colonoscopy examples,
has deep roots in human nature. Among the many
challenges to solve this problem, there is the illusion of
certainty - an innate attribute, common to all human
beings. We have illusions about certainties, even when
reality shows our certainties are not based on facts.
We tend to overestimate our opinions as if they were
unique and proven truths.

Physicians and dentists experience these illusions
in their professional activities. For instance, they
usually have the illusion that treatment have only
benefits and no harm; that there is one and only one
better treatment; that a diagnostic test is absolutely
correct. This illusion of certainty in health practice
is a mental barrier that hinders a well informed and
data-based decision-making process.®

Daniel Kahneman, a psychologist winner of the
Nobel Prize in Economics, made the alert: “An unbiased
appreciation of uncertainty is a cornerstone of
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rationality - but it is not what organizations want.
Extreme uncertainty is paralyzing under dangerous
circumstances, and the admission that one is merely
guessing is especially unacceptable when the stakes
are high. Acting on pretended knowledge is often
the preferred approach”.

lllusory risks about breast cancer
demonstrated by Gerd Gigerenzer

The illusion of certainty is spread to the public,
who adopts a distorted view of reality. For instance,
there is a disparity between the actual risk of dying
from breast cancer and the risk believed by women.
Additionally, there is a great disparity between the
actual protective effect of mammography screening
and what women believe to be the protective effect
of this type of screening. It is common to find leaflets
in campaigns saying that one in ten women develops
breast cancer. This information, “one in ten,” has
become a mantra in the popular media and breast
cancer screening programs. This number has terrified
many women, but what does it mean? What is not
explained is that this number refers to a woman’s
cumulative chances of developing breast cancer by
the age of 85. However, most women die before this
age, and those who develop cancer in this advanced
age will probably die from another cause.® Let us
look at the numbers.

To make it easier, we shall look at the absolute
numbers of events for every 1,000 people. The scenario
is a group of 1,000 women followed since birth
until 84 years of age (data from Ontario, Canada -
Brazilian women have lower breast cancer risk than
Canadians). For instance, four women developed
breast cancer in their 30s and 13 in their 40s; at
84, the total number of breast cancer cases added
99 cases, which corresponds to the numbers “one
in ten” (that is almost 100 in 1,000). Thirty-three of
the women died from breast cancer. The numbers
“one in ten” gives the impression that, at any age,
the risk of a woman developing breast cancer is one
in ten, maybe in the next five or ten years. As we
have seen, this is not true; this is the cumulative
risk of an entire life, at the age of 84. Besides, it may
also give the impression that the risk of dying from
breast cancer is one in ten, but it is actually much
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lower than one in ten (it was 33 in 1,000 from birth
to the age of 84 in this group of Canadian women).
Also, the risk of dying from other causes is much
higher than from breast cancer. In contrast to 33
deaths from breast cancer, there were 203 from
cardiovascular causes, and 330 from other causes
since birth until age 84.°

How do women interpret these numbers? In a
group of well-educated American women aged 40-49,
with no history of breast cancer, each of them was
asked to imagine 1,000 women exactly like herself
and to estimate how many of these women would die
from breast cancer in the next 10 years. On average,
they estimated that this risk would be of 100 in 1,000,
that is exactly “one in ten”. This was an overestimate
of 20 times the actual risk of dying from breast cancer.
Among 1,000 45-year-old women (the mean age in
this study), five died from breast cancer, not 100, in
the following ten years.” We asked the same question
in Brazil during an Epidemiology meeting using
an interactive poster where participants answered
about the risk of dying from breast cancer and other
causes in the next ten years.” And the same question
has been posed in many of our post-graduate classes
(PN), and women always overestimate the risk, as
did the American women.

Assuming most women in this American study
have already heard about the numbers “one in ten,”
they apparently believed the numbers referred to
the next ten years and not to the cumulative lifetime
risk at age 85; they have also mistaken incidence
for mortality.”

Besides this question about the risk of dying
in the next ten years, these women answered the
following question: “Imagine 1,000 women exactly
like you. Among them, how many do you think would
die from breast cancer in the next ten years if they
received mammography or medical examination
screening every year?” (it is worth noting that
more than 90% of them had already had at least one
mammography, even though they were under 50, the
age at which mammography starts showing some
benefit). Remember that they believed the risk of
dying from breast cancer in the next ten years was
100 in 1,000. In this scenario with mammography,
they believed 60 would have their lives saved, that
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is regular screening would save 60 lives for every
1,000 women. First, for women at their age, under 50,
there is no evidence that mammography screening
saves any lives. Considering the evidence of benefit
for women aged 50-70, which is approximately
one life saved for every 1,000 screened, then they
overestimated the benefit 60 times. These women
had definitely been deceived.® To sum up, see Table.

Cognitive biases demonstrated by
Daniel Kaohneman

Besides the illusion of certainty (overconfidence
and exaggerated conviction), there are other innate
distortions inherent to human beings that hinder
risk communication and interpretation. Daniel
Kahneman suggested there are two thinking
systems, system 1 or fast thinking, and system 2 or
slow thinking. So, our brain has faster and slower
answers, and these two basic ways of reaction affect
the way we deal with mathematical questions.
System 1, fast, is more intuitive, and system 2,
slow, is more reflexive.® It would be a waste of
time to use system 2 all the time. More than that, it
would be dangerous to use system 2 when speed is
crucial. Also, the law of the least effort is adaptive.
So, system 2 can be lazy. Thus, we tend to use
system 1, fast and intuitive, automatically. This
makes sense since system 1 is safer for decisions
that should be taken immediately and under
uncertainty. However, system 1 sometimes leads
us to wrong interpretations.®

Table. Risk of dying from breast cancer in the next ten years
in a group of well-educated American women, aged 40-49,
with no history of breast cancer.

Perspectives Risk
Risk of dying
What women believe 100 in 1,000
What the evidence says 5in 1,000
Lives saved due to mammography screening
What women believe 60 in 1,000
What the evidence says* 1in 1,000

*Evidence of benefit is based on women aged 50-70. There is no
evidence that screening saves lives of women aged 40-49. Data
based on Gigerenzer.®



Our emotions are particularly useful for our
survival and success in life and act as clues that
help us in decision-making and behaviour choice.
They alert us about the relevant aspects of our
environment that may either threaten us or represent
opportunities for us to prosper. Usually, positive
emotions encourage us, whereas negative ones inhibit
us. The framing bias occurs when positive or negative
statements of the same reality evoke different
interpretations and behaviours. People, in general,
are victims of framing bias, including physicians.
For example, the decision by physicians to perform
or not a dangerous surgical procedure appeared to
differ depending on whether the information they
received about the risk of the procedure was framed
in a positive or negative format, for instance, 90%
survival versus 10% mortality risk.®

One way to make people believe in falsehoods
is frequent repetition because familiarity is not
easily distinguished from truth. When people have to
decide on a specific situation that the outcome is
uncertain, and they do not have or do not remember
the information about the likely outcomes in such a
situation, they tend to follow any recommendation
that is often repeated and thus familiar to them. In
these situations, they follow the sense of cognitive
ease typical of familiarity.®

The anchoring effect is quite common in all areas.
It occurs when people consider a particular value
for an unknown quantity before estimating that
quantity. The result is that the estimates are close
to the number that people considered. One example
is when half of the participants were asked if when
Gandhi died he was more than 114 years old, and
the other half if “when Gandhi died he was more
than 35 years old. As most participants did not
know the age at which Gandhi died, the former
gave a much higher estimate of his age at death
than the latter. The values of 114 and 35 acted as
anchors to the estimated values. The anchoring effect
has been demonstrated in numerous ways. Even
experienced judges were victims of an anchoring
effect of 50% in an experiment in which a pair of
biased dice influenced their decision about the
length of a prison sentence they would give to a
woman who had been caught shoplifting.®
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Cognitive biases are automatic and
unconscious, so how is it possible to
mitigate their undesirable effects on
risk interpretation in the context of
clinical practice?

Most clinical decisions are taken under uncertainty.
Any health professional treats individual patients
and takes clinical decisions individually, but they
cannot predict the outcome in one individual patient.
They can only know the probability that similar
patients with similar problems will recover or not.
This uncertain world invites human beings to make
decisions based on heuristics, which gives rise to the
cognitive biases explained above.

To improve risk interpretation and communication,
health professionals must be aware of cognitive
biases. This is a matter of attitude. A more attentive,
effortful, prudent, less intuitive, and illusory attitude,
which is innate to human beings, is a prerequisite
for a more rational clinical practice.

More importantly, some forms of risk
communication enhance understanding; others do
not. Some forms, we suggest, reinforce cognitive bias,
while others weaken them. In the words of Gigerenzer,
some forms of communicating risks lead to clouded
thinking while others facilitate clear thinking.” The
remainder of this article will present these forms of
risk communication.

Innumeracy - a consequence of an
evolutionary mismatch

Maybe the most difficult obstacle to overcome,
after the illusion of certainty and the cognitive biases,
is innumeracy or difficulty to think with numbers.
This difficulty probably arises from a mismatch
of ancestral adaptations of the brain having
to deal with modern environments, which are
quite different from the ancestral ones. When
human beings” adaptations to deal with numbers
were selected, the environment demanded the
ability to deal with small numbers and natural
frequencies. Thus, big numbers, percentages, and
conditional probabilities are not among the number
representation formats naturally selected by the
human brain, as these representations were not
present in our ancestral environment.
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One analogy is language adaptation. In ancestral
environments, there was no writing, which is a
very recent invention in human history. Language
adaptations, therefore, have not been selected to read
and write, but only to speak. That is why it is easy
to learn to speak, but difficult to learn to read and
write; children do not go to school to learn to speak
but to learn to read and write.

Probably, the best treatment for innumeracy
lies in restoring the external representation of
uncertainties, physicians of risks, to a form that the
human mind is adapted to.?

Conditional probabilities and relative risk
reduction or efficacy are bad forms of risk
communication

There are two quite common, but bad, forms of
risk communication: the conditional probability, used
to express the accuracy of diagnostic tests, and the
relative risk reduction or efficacy, used to express the
benefit of interventions. The conditional probability is
the risk that the disease is present, given a positive
result in the test. The relative risk reduction is the ratio of
the risk of getting the disease in the treatment group
to the risk in the control group. People, including
physicians and dentists, are confused with this kind
of information. The confusion caused by conditional
probabilities and relative risk reduction can be mitigated
by replacing them with natural frequencies.® Let us
look at the numbers.

Physicians and dentists misinterpret the results
of diagnostic tests and efficacy of treatments
Forty-eight physicians took part in an experiment
- including radiologists, gynaecologists, internists,
dermatologists, among others, with an average of
14 years of professional experience, from two German
cities and working in hospitals or private practice.’
They were asked to estimate the chances of breast
cancer in a woman aged 40 to 50 years old, given a
positive mammogram in a routine screening. Half of
them received the information in conditional probabilities
and the other half in natural frequencies.” Only two
of the 24 physicians in the conditional probabilities
group gave the correct answer, in comparison to 11
of the 24 physicians in the natural frequencies group.
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Eight and 19, respectively, gave the correct or nearly
correct answers, and 16 and 5, respectively, grossly
overestimated the number of women with breast
cancer.’ To sum up, out of the 24 physicians in the
natural frequencies group, only 5 were far from the
correct answer. In the conditional probabilities group,
16 were far from the correct answers. There were more
inconsistencies in the answers and overestimation
of breast cancer cases in the latter group.

This finding is not meant to blame physicians or
patients for their inability to reason with percentages.
The lesson to be learnt is that we should represent
the risks in textbooks, articles and clinical practice in
a way that comes naturally to the human mind. The
use of natural frequencies is a simple and effective
way of improving physicians” diagnostic insight.’

Do dentists have the same difficulty as
Physicians?

An experimental study was carried out with
101 dentists from different specialties, undergoing
a Master’s or Ph.D. degree, with a mean age of
29 years and 5 years of professional experience.”
Fifty-two dentists received the information of risk in
conditional probabilities, and 49 received the same
information in natural frequencies. They were asked
to estimate the chances of a cavity in an adult given
a positive bitewing radiograph, that is radiolucency
indicating the presence of interproximal caries
requiring a restoration. The following information
refers to asymptomatic adults. The statement read
by the dentists in the conditional probabilities’
group was:

“The probability that one of these adults had interproximal
caries requiring restorative treatment, confirmed by tooth
separation and direct visual and tactile examination, was 8%.
The probability of having a positive bitewing radiograph among
adults who have a confirmed interproximal caries is 90%. The
probability of having a positive bitewing radiograph among
adults without interproximal caries is 8%. Imagine an adult
who had a positive bitewing radiograph in the survey. What

is the probability that he actually has interproximal caries?”

The statement read by the dentists in the natural
frequencies’ group was:



“Eight in 100 of these adults had interproximal caries requiring
restorative treatment, confirmed by tooth separation and direct
visual and tactile examination. Among these 8 adults with
confirmed interproximal caries, 7 will have a positive bitewing
radiograph. Among the 92 adults without interproximal caries,
7 will have a positive bitewing radiograph. Imagine an adult
who had a positive bitewing radiograph in the survey. What

is the probability that he actually has interproximal caries?”"

The correct answer was 7 in 14 adults with positive
bitewings, in fact, have interproximal caries, which
corresponds to 1 in 2, or 50% (Figure 1). Only one
of the 52 dentists in the conditional probabilities’
group gave the correct answer, in comparison to 13
of the 49 dentists in the natural frequencies’ group.
Correct plus nearly correct answers were given by one
and 20 dentists in the conditional probabilities and
natural frequencies’ group, respectively. Forty and 20
dentists in the conditional probabilities and natural
frequencies groups, respectively, overestimated the
numbers of adults with interproximal caries. The
probabilities of caries underestimation were similar,
21% and 29%, respectively (Figure 2).1°

Similar to what happened to physicians,® these
two representations illustrate how easier it was for
dentists to reason with natural frequencies rather
than with conditional probabilities (Figure 3).
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The same dentists that participated in the study
about interproximal caries diagnosis with bitewing
radiographs took part in a study about the benefits
of dental treatment." They were asked to estimate
how many patients with periodontitis would avoid
tooth loss if they underwent periodontal treatment.
The same hypothetical scenario was presented in two
formats. The group of percentages and relative risk
reduction received the following statement:

“Suppose that 4% of adults with periodontitis will suffer multiple
tooth losses due to periodontitis. Compared to no treatment, the
non-surgical periodontal treatment of adults with periodontitis
has an efficacy of 25% in avoiding multiple tooth losses and,
when associated with taking antibiotics, the efficacy is 50%”.

The other group received the same information
in natural frequencies and absolute risk reduction,
that is the format that evokes unclouded thinking.
The statement for this group was:

“Suppose that for 100 adults with periodontitis 4 will suffer
multiple tooth losses due to periodontitis. If exposed to
non-surgical periodontal treatment, 3, instead of 4, will suffer
multiple tooth losses. And, finally, if this treatment includes
taking antibiotics, 2, instead of 4 of these patients will suffer

multiple tooth losses”. ™

Natural Frequencies

100
people
I
[ \
8 92
cavity no cavity
7 1 7 85
positive negative positive negative

True positives

True positives + False positives

7
7+7 -

Figure 1. Dentists who received the information in natural frequencies found it easier to estimate the chances of interproximal
caries given a positive bitewing radiograph. The reason is that they had to pay attention only to two numbers: the number of adults
with a positive bitewing radiograph and caries (7) and the number of adults with a positive bitewing radiograph without caries (7).

Adapted from Nadanovsky et al.'® with permission.
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Figura 2. Answers given by all the dentists according to the format in which they received the diagnostic test accuracy information.
The correct answer in this hypothetical scenario was 50%, the nearly correct answers 40%-49% or 51%-60%, underestimation less
than 50% and overestimation greater than 50%. From Nadanovsky et al.'® with permission.

Conditional Probabilities

p(disease) x p(pos|disease)

p(disease) x p(pos|disease) + [1 — p(disease)] *x p(pos|nodisease)

0.08 x 0.9

0.08 x 0.9 +[1 — (0.08)]  0.08

Figura 3. In the formula of probabilities, the proportion of adults with interproximal caries in the population is 8%, the proportion
of positives with interproximal caries is 90% and the proportion of positives without interproximal caries is 7.6% =~ 8%. Adapted

from Nadanovsky et al.’® with permission.

Both groups had to answer two questions. The first
one was: “For each 100 adult patients with periodontitis,
how many will avoid multiple tooth losses due to the
non-surgical periodontal treatment without antibiotics?”
The correct answer is one. If without treatment,
four patients lose teeth and with the non-surgical
periodontal treatment without antibiotics, three
patients lose teeth, then four minus three equals one.

8 Braz. Oral Res. 2020;34(supp2):e078

The second question was the following: “For each 100
adult patients with periodontitis, how many will avoid
multiple tooth losses due to the non-surgical periodontal
treatment associated with taking antibiotics?” The correct
answer is two. If without treatment four patients lose
teeth and with the non-surgical periodontal treatment
associated with taking antibiotics two patients lose
teeth, then four minus two equals two."!



Most dentists did not correctly interpret the
benefit of treatment in the hypothetical scenario
in this study (Figure 4). But correct interpretations
were more frequent in the natural frequencies than
in the relative risk reduction group. Between one in
three (33%) and one in two (50%), dentists interpreted
the hypothetical scenario correctly in the natural
frequencies group while only one in four (25%)
dentists did it in the relative risk reduction group."

Possibly the most valuable finding of this study
came not from the correct answers, but from the
incorrect ones. The incorrect answers unveiled
that the reason why dentists were confused and
misinterpreted the benefit of the treatment was
because they did not pay attention to the base rate,
that is, the risk of multiple tooth loss in patients
with periodontitis in the hypothetical scenario of
this study. They very clearly fell prey to the base-
rate neglect.>"? This neglect was apparent in both the
relative risk reduction and the natural frequencies
groups. In the relative risk reduction group, many

60.0% -

50.0% -

40.0% A

30.0% -

Percent

20.0% A

10.0% -

0.0% -
1 2 3 420242550607075809697

How many patients with periodontitis
avoided tooth-loss?
Correct answer: perio treatment without
antibiotics = 1 in 100

Percent
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dentists clung to the information that the efficacy
of treatment was 25% and 50%, interpreting that for
every 100 patients, 25 and 50 would avoid multiple
tooth losses, respectively, in the scenarios without
and with antibiotics. They did not realize that those
25% and 50% efficacy had to be applied to the 4 in
100 risk of multiple tooth losses so that 25% of 4 is 1
and 50% of 4 is 2.

Similarly, the rationale of many dentists in the
natural frequencies group was the following: given
that for 100 patients, 3 and 2 suffered multiple tooth
losses in the scenarios without and with antibiotics,
respectively, this means that the other patients, that
is, 97 and 98, would not suffer multiple tooth losses.
Thus, 97 and 98 would benefit from treatment, as all
100 patients underwent treatment. They neglected
the fact that most patients, that is, 96, would not
suffer multiple tooth losses anyway, even without
any treatment. They were under the spell of the
illusion of certainty® - in this case, the illusion that
every patient that was treated and did not suffer the

60.0% A

50.0% A

40.0% A

30.0% A

20.0% -

10.0% -

0.0% -
1 2 4 30 48 50 75 80 85 98

How many patients with periodontitis
avoided tooth-loss?
Correct answer: perio treatment with
antibiotics = 2 in 100

Communication format

[l Absolute numbers

[l Percentages

Figure 4. Frequency distribution of the answers given by the dentists to the question of how many patients will avoid multiple tooth
losses due to the non-surgical periodontal treatment without (A) or with antibiotics (B). The right answer to non-surgical periodontal
treatment without antibiotics is one and with antibiotics is two. Horizontal axis shows the answers given by the dentists. The bars
show the percentages of each answer. Blue bars represent dentfists in the natural frequencies’ group and green bars represent

dentists in the percentages’ group.
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undesirable outcome benefited from the treatment.
However, an important finding was that this bias was
more accentuated in the relative risk reduction than
in the natural frequencies group, with approximately
20 to 30 fewer dentists (per one hundred) showing
signs of the base-rate neglect in the latter than in the
former group.

Communicating benefit of treatment using natural
frequencies facilitated clear thinking among dentists
because, in this format, fewer dentists neglected the
base-rate information. Industry, journalists, health
professionals, editors, and authors of scientific journals
should use natural frequencies and absolute risk
reduction instead of the formats in percentages and
relative risk reduction.

Future studies should test new ways to try and
focus people’s minds on the base-rate. Visual aids
and qualitative research techniques may be useful
avenues to explore to find successful strategies to
facilitate risk communication in addition to the
natural frequencies format.

The prevented fraction is a common but
misleading form of expressing the benefit
of interventions

The prevented fraction (PF) is the preferred method
of computing DMFT (decayed missing or filled teeth)
and DMFS (decayed missing or filled tooth surfaces)
data of clinical trials and meta-analyses that evaluate
caries as the outcome, as it presumably has an easy
interpretation and allows the combination of different
methods of measuring caries, such as DMFT (S), DFT
(S), dmlft (s), dft (s). It is calculated by subtracting
the increment of caries in the test group (It) from
the increment of caries in the control group (Ic) and
dividing this difference by the increment of caries in
the control group, that is it calculates the percentage
of the increment of caries in the control group that
can be reduced by the intervention/treatment. The
formula is simple: PF = (Ic - It) / Ic.

However, as it is a relative measure, the PF fails
to show the true differences in the caries increment
observed between the groups, and an apparently
substantial PF may be clinically irrelevant in terms
of actual caries reductions. Moreover, PF and its
confidence intervals’ calculations are very unstable
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when studies show caries increment close to zero.
For example, in a recent meta-analysis about the
effectiveness of fluoride varnish on caries prevention
in preschoolers,” one clinical trial showed a mean
increment of caries of 0.42 dmft in the control group
and 0.30 dmft in the test group. The PF, in this case, was
29%, meaning that there was 29% of caries reduction
at tooth level attributed to the fluoride varnish. Still,
the difference in the mean increments was modest,
only 0.12 tooth, that is a difference that is less than
one-fifth of a tooth. Also, had we used one decimal
case instead of two, the PF would be 25 and not 29%.
Thus, PF is a misleading way of communicating risk
or risk reduction and should be avoided. Instead,
researchers should use natural frequencies formats
and absolute numbers to communicate the benefits
of interventions in studies of dental caries.

Bad risk communication also leads to
the adoption of relatively ineffective
preventive strategies

It is naturally difficult for people to understand
the relationship between population and individual
risk. Hence, good risk communication is of utmost
importance to promote clear thinking in this
context, that is when population and individual
risks are evaluated to implement preventive health
programmes. There are preventive strategies that
are greatly beneficial for the population but at the
same time of little benefit for the individual. To
explain this counterintuitive phenomenon, Geoffrey
Rose coined the term “the prevention paradox”.!
For example, seat belts are highly beneficial for the
population as they substantially reduce the total
number of deaths and serious sequela due to car
crashes. However, the probability of an individual
to benefit from seat belts is small - to benefit, not
only does he have to suffer a car crash but also this
car crash cannot be too weak (in this case seat belts
are unnecessary) nor too strong (in which case seat
belts are insufficient). An event of this nature has a
low probability of occurring in an individual’s life,
but a great probability of occurring in a population.
Thus, we need a special cognitive effort when
communicating data of these two types of risks, the
individual and the population, to avoid common



mistakes and misinterpretations that often lead to
relatively ineffective preventive strategies."

Itis common to say that, due to the decline of caries,
most caries lesions are concentrated in a minority
of children, the so-called high-risk children. This
polarization has been named the 80:20 phenomenon,
in which supposedly 80% of caries lesions would be
found in 20% of children. In at least one occasion,
this phenomenon has been investigated and
considered exaggerated.”

Using data from the American “National
Preventive Dentistry Demonstration Programme
(NPDDP),” Batchelor and Sheiham investigated the
distribution of new caries lesions in seven-year-old
children during four years of follow-up. In a
subsample of high-risk children with a baseline
DMEFS of five or more and not exposed to fluoridated
water and dental sealants, there was an increment of
more than four new decayed surfaces; among those
of low risk (no caries at baseline), the increment was
approximately two new decayed surfaces. However,
more than 64% of all new caries lesions occurred
in children with no caries at baseline, whereas less
than one percent of all new caries lesions occurred
in high-risk children, that is those with a DMFS of
five or more at baseline.”

The communication problem here is that high-risk
children do develop, on average, more caries lesions
than the rest of the children. That is why it is said
that they concentrate most caries lesions. However,
as these children are a minority in the population,
larger amounts of caries lesions accumulate in low-
risk children, who are the majority.

This confusing communication encourages the
adoption of preventive strategies that seek to identify
high-risk children and aim the preventive measures
at them. At the same time, it discourages population
strategies that encompass all children, including the
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