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To Screen or Not to Screen: Reconciling
Individual and Population Perspectives on
Screening
L. Rachid Salmi, MD, PhD; Gaëlle Coureau, MD, PhD; Marion Bailhache, MD, MSc;
and Simone Mathoulin-Pélissier, MD, PhD
Abstract
Screening is the early detection of a latent disorder by a test to allow early intervention with the aim of
improving prognosis. Individual and population perspectives on screening are perceived as opposing
interests of patients and the population. In this article, we try to reconcile these perspectives. The individual perspective is based on the clinical experience of a better prognosis at early stages and patients with
missed opportunities. In the population perspective, screening is based on a population-oriented, evidence-based model and addresses the acceptability and possible negative effects, including for people
without the disorder. Known possible obstacles to a positive effect of screening include a short latent stage,
lead time, overdiagnosis, lack of acceptability, poor performance of tests, and misclassiﬁcation of outcome.
Randomized trials of screening are challenging and need an adaptation of standards such as the
Consolidated Standards of Reporting Trials (CONSORT). Simulating the effects of screening can allow the
consideration of complex screening strategies and other options to help avoid biases related to treatment
improvement and prevention success. Reconciling both perspectives is possible by considering that hypotheses underlying the former are prerequisites for the latter. From an evidence-based medicine and
policy perspective, we suggest that recommending screening or prescribing a test is unethical if all possible
obstacles are not documented by providing the best available evidence.
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S

creening is the early detection of a latent
disorder with the goal of starting treatment early to improve prognosis or intervening to avoid unwanted consequences of the
disorder.1 For example, screening for breast
cancer with mammography is proposed in
many developed countries to initiate treatment
of localized tumors and hopefully achieve cure.2
Screening of blood donors for infections is performed to avoid contamination of transfusion
recipients.3 Screening is fully described as a
test proposed for a target population, and an
organized process including a frequency of
screening, a conﬁrmed diagnostic procedure
for those who tested positive, an early intervention for those conﬁrmed, and an outcome to
improve.
When targeted at a complete population,
screening is called systematic screening.4
Screening can be limited to an explicitly
deﬁned subgroup based on criteria such as
age or other markers of high risk of developing
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the disorder or a poor prognosis; it is then
called targeted or selective screening.4 Systematic and targeted screening are 2 forms of what
is also called mass screening.4 Screening can
also be proposed outside of any program to patients consulting a physician for an unrelated
problem; this opportunistic approach is called
case ﬁnding.5 Whereas systematic and selective
screening are usually performed within programs developed with a population-based,
public health perspective, case ﬁnding depends
on the physician’s clinical, individual perspective on what is best for his or her patient.
The individual and population perspectives
are perceived as opposing interests of patients
and populations. Brieﬂy, screening may seem
like an obviously good idea from a clinical
experience perspective because a perfect test
would allow either the chance for reassurance
or the possibility of improving prognosis with
early intervention. Nevertheless, screening is
a complex intervention from the population
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perspective,6 therefore implying speciﬁc evaluations of the advantages and disadvantages for
all individuals to whom the test will be proposed, including people with and without the
disorder.
Herein, using examples of screening for
chronic diseases (eg, cancer, human immunodeﬁciency virus infection, and psychosis) and
in speciﬁc populations (eg, children and the
elderly), we illustrate how screening is even
more complex than usually perceived, and we
try to reconcile the individual and population
perspectives. We deﬁne and illustrate issues
and biases that are potential obstacles to the
implementation or positive effects of screening
and that need to be addressed in clinical trials
and modeling of the effects of screening; we
expect to promote adequate methods to document the effects of screening and to improve
evidence-based decisions regarding screening.
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INDIVIDUAL PERSPECTIVE ON SCREENING
The Obvious Seduction of Early Detection
The individual perspective considers that
screening anticipates an intervention for patients
with a poor prognosis: (1) for many disorders,
patients have a better prognosis or response to
treatment at early compared with later stages7;
(2) some patients seen late in the disorder process have a history of previous contacts with
health services for manifestations possibly
linked to early stages of the disorder.8 For
example, proposals of early detection of child
abuse have been triggered by the observation
of children seen at the stage of serious or lethal
injuries but who had been previously seen by
social services or in emergency departments.9,10
In such contexts, it is logical to hypothesize that
an active search for early stages of the disorder
should improve the prognosis (Figure 1A).
This logical hypothesis explains why
screening is so “popular” among physicians
dealing in their practice with patients with a
late diagnosis or a poor prognosis. This popularity is reﬂected by the US Preventive Services
Task Force recommendations: as of July 2015,
of 150 active recommendations, 106 (70.7%)
are about screening. Still, the difﬁculty of
screening is reﬂected by the many instances
in which screening is contraindicated (23
grade D recommendations) or the evidence is
insufﬁcient (39 grade I recommendations) (for
Mayo Clin Proc. n November 2016;91(11):1594-1605
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FIGURE 1. Hypotheses underlying screening according to the individual (A)
and population (B) perspectives. FN ¼ false-negative; FP ¼ false-positive;
TN ¼ true-negative; TP ¼ true-positive.

details, see Supplemental Table 1, available online at http://www.mayoclinicproceedings.org).
Difﬁculties in Judging the Clinical Effects of
Screening
The hypothesis underlying the individual
perspective is logical, but it can be ﬂawed in three
ways. First, early detection is possible only if
there is a preclinical stage (obstacle 1) and if
this stage is long enough for patients with a
poor prognosis, if untreated, to have time to
beneﬁt from earlier treatment.1 The preclinical
stage is the period when the disorder is present
but without any of the manifestations that usually
trigger diagnosis. Many cancers have a potentially
long preclinical phase, making screening relevant
and implying repeated testing. In other instances,
the preclinical phase is always short (bacterial
contamination by blood transfusion)11 or too
poorly deﬁned or documented to guarantee its
existence (some forms of child abuse).12
Second, the anticipation of diagnosis
related to the application of a test before any
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symptom occurrence will seem to improve
prognosis even if treatment is not better early
compared with later. For example, a patient
with a severe form of lung cancer who would
have died rapidly after diagnosis13 would seem
to survive longer if diagnosis is performed a
few months earlier as part of case ﬁnding.
Because this lead time (obstacle 2)14 is usually
imperceptible at the individual level,14 it is the
main justiﬁcation for conducting randomized
trials of early vs delayed treatment.15
Third, the screening test might detect preclinical forms that would never have been
diagnosed had the test not been performed.
This is the phenomenon of overdiagnosis
(obstacle 3),16,17 that is, the identiﬁcation of
forms of the disorder with a spontaneous
good prognosis. Overdiagnosis is likely to be
very important, for instance, when screening
for prostate cancer using prostate-speciﬁc antigen because many of the detected lesions,
although meeting the pathologic criteria for
invasive cancer, would never progress to severe or lethal stages.18 Overdiagnosis, the
extreme of what was called length bias,14 is a
major clinical problem because persons
detected with these forms will have no beneﬁt
from an early treatment that they do not need
(what is called overtreatment) and will experience the adverse effects of the test, the
treatment, and of being labeled with the diagnosis.19 Length bias is also accentuated by the
fact that cases with a short preclinical phase,
corresponding to forms of the disorder with
the poorest prognosis, are most likely to be
missed by a single test and, therefore, are
more likely to be detected through clinical
presentation than after screening.14 Both lead
time and overdiagnosis are major issues
when evaluating screening at the population
level because they tend to make screening
seem better than it actually is.
POPULATION PERSPECTIVE ON
SCREENING
The Obvious Complexity of Screening a
Target Population
The population perspective considers that
screening not only is an issue of early intervention for patients with a poor prognosis but
also is proposed to a population that includes
people with all forms of the disorder and a
1596
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majority of people without the disorder.4 A
screening recommendation, systematic or
case ﬁnding, should consider the acceptability
and possible negative effects of the process and
the perspective of people without the disorder
(Figure 1B).20
Acceptability (obstacle 4) is a key issue in
the individual and population perspectives
because most people in the target population
either do not need screening (they do not
have the disorder) or do not feel that they
need screening (they have the disorder but no
manifestations). The latter individuals, who
will be detected early (the true-positives), might
not feel the need for a potentially aggressive
treatment (screening for cancer)20 or stigmatizing intervention (screening for decreased
ability to drive an automobile in the elderly).21
In the former group of people without the disorder, adverse effects of tests and, potentially,
being false-positive are likely to be unacceptable.22 Conversely, being falsely reassured as
“in good health” after a ﬁrst test (false-negative)
can also negatively affect the acceptability of a
later-round test and its results.23
Further Difﬁculties in Judging the
Population Effects of Screening
From the population perspective, the recommendation to develop a screening program
or policy or to introduce screening in clinical
practice should occur only after demonstrating
that the advantages for the population are
greater than the disadvantages.4 Lead time
and overdiagnosis, already discussed from
the individual perspective, are major issues
in the evaluation of the population effects of
screening and have to be considered in any
comparison of consequences in populations
with and without the program, policy, or practice.24 Furthermore, overdiagnosis also occurs
because persons without the disorder may be
diagnosed as having incidental ﬁndings apart
from the target condition; for example,
screening for lung cancer by chest radiography
or computed tomography also identiﬁes
asymptomatic nonevolutive lesions.25
Selection (obstacle 5), another issue, can
occur at several steps of the process. The ability of screening programs to reach the target
population has been documented to vary
across socioeconomic strata.26 For example,
the populations included in randomized trials
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of screening for lung cancer by low-dose
computed tomography in heavy smokers
were of higher socioeconomic levels and
smoked less than the general population in
the United States,27 Denmark,28 and the
United Kingdom.29 In established screening
programs, acceptability depends on the type
of test (higher for mammography30 than for
fecal occult blood tests31), and it is lower in
high- than in low-risk groups (screening for
human immunodeﬁciency virus infection).32
Detection issues (obstacle 6) are related to
the performance of tests, reﬂected by their
accuracy20 and reliability.33 A test developed
and demonstrated to be accurate (ie, correctly
classifying both people with and without the
disorder) and reliable (ie, providing stable results when repeated in the same individuals
or across observers) for individual diagnosis
in the clinical setting might not be appropriate for screening. For a ﬁxed sensitivity
and speciﬁcity, the positive predictive value
will be much lower and the negative predictive value higher in a screening context than
in clinical diagnostic context. Indeed, the
prevalence of the disorder is lower in populations targeted by screening programs or case
ﬁnding than in a diagnostic context.34 Thus,
tests will usually be better to rule out the disorder than to identify early stages. Even with
a high speciﬁcity, false-positive results and
their negative consequences are likely to be
considerably frequent. Favoring the speciﬁcity to reduce false-positive results is likely
to decrease the sensitivity and, thus, the effectiveness of screening by increasing falsenegative results. Moreover, achieving the
same level of reliability and accuracy across
all structures (eg, laboratories) and professionals (eg, radiologists) involved in a
screening program is hard to achieve.35 Reliability in real-life conditions needs to be
assessed before implementation of a screening
program and must be monitored in a quality
assurance program.36 Other issues, such as
selecting a population with an adequate spectrum of preclinical disease and patients with
competing disorders that mimic the target
condition,37 and considering the possible
variation of sensitivity and speciﬁcity with
prevalence,34 are also important to consider
when assessing the performance of tests in a
screening context.
Mayo Clin Proc. n November 2016;91(11):1594-1605
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RESEARCH IMPLICATIONS
The Challenging Randomized Screening
Trial
The previously mentioned issues justify the
need to adequately assess both the positive
and negative effects of screening on populations, not only on individuals with the disorder. Ideally, this assessment must be based
on a properly conducted randomized community trial: usually, screening is proposed to half
the target population, and the other half is
allocated to what is considered usual care in
the absence of screening.38 Such trials must
consider all issues expected in reports of randomized trials, as deﬁned by the Consolidated
Standards of Reporting Trials (CONSORT).39
Many of the CONSORT items, however, are
considered difﬁcult to address40 and, in our
opinion, need to be adapted: these items
concern the objective of the trial; the choice
of an appropriate control arm; the choice of
relevant yet measurable outcomes, including
all aspects of the beneﬁt to harm balance;
and sample size calculation (Supplemental
Table 2, available online at http://www.
mayoclinicproceedings.org).
The ﬁrst issue concerns the objective of the
trial (obstacle 7). The challenge is to demonstrate that screening, considered in all its dimensions, is superior to usual care.38 This
implies that the compared strategies are deﬁned
and operationally described in (Table, items 5a
and 5b) (1) the screening group (initial test,
conﬁrmation strategy, early intervention for
those with the disorder, process of dealing
with false-positive and false-negative results)
and (2) the control group of usual care in the
health care system where the study is conducted (accessibility to diagnosis and treatment).
Demonstrating a favorable advantages to disadvantages ratio also implies that all relevant positive and negative effects be documented, in the
methods and results, similarly for all participants, whether they have the disorder or not
(Table, items 6a-6e) and in the screening and
control groups.
The Controversial Deﬁnition of Relevant
Outcomes
One major issue is what main outcome
(obstacle 8) should be used to document the
possible advantages of screening.49 From
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TABLE. Main Speciﬁc Methodological Issues to Be Addressed in Trials Assessing the Effects of Screeninga,b
Item No.c

Checklist item

Introduction
Objective

2b

Identify the study as assessing whether the proposed screening program is
superior to usual care in the absence of screening in terms of mortality

None of the 2 major trials of screening for prostate cancer with PSA
expressed the notion of superiority in the objective41,42

Methods
Interventions

5a

All steps of screening are deﬁned and operationally described: initial test,
conﬁrmation strategy, early intervention, process of dealing with falsepositive and false-negative results

5b

The comparison strategy of usual care in the absence of screening and
speciﬁcities of the health care system are deﬁned

5c

6c

Any changes in screening or comparison interventions after the trial
commenced, and reasons
The prespeciﬁed main outcome is all-cause mortality or, if not possible,
disorder-speciﬁc or incidence-based mortalityd
Deaths and their causes, and all other relevant outcomes, are assessed
similarly in all groups
The prespeciﬁed length of follow-up is long enough

6d

Practical modalities of follow-up are similar in all groups

6e

In the NLST assessing CT screening for lung cancer in heavy smokers, the
description of screening only provided information on the test;
modalities of conﬁrmation and treatment were left to the referring
physician’s initiative27
In the NLST,27 the control strategy included a chest radiograph, whereas
the NELSON trial, the largest European trial, compared CT screening
with usual care in the Netherlands and Belgium43
In prostate cancer screening, the threshold for considering a PSA positive
has been lowered over time41,42
The use of suicide ideation as the main outcome in a trial of screening for
risk of suicide precludes concluding on the actual effects on risk44
In the ERSPC,42 veriﬁcation of causes of death in patient records was
recommended but varied across countries
In screening for many cancers, it is estimated that the full beneﬁt of a
program would be observed only after 20 y of follow-up45; the use of
surrogate end points might help shorten the follow-up needed46
No standardization within or across studies of screening for asymptomatic
carotid artery stenosis47
The 2 major trials of PSA screening for prostate cancer have not
documented most secondary outcomes for all individuals in all
groups41,42

Section/topic
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Outcomes

6a
6b

n
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7a

Statistical methods

12a

Analysis is intent to screen, and accounting for actual length of follow-up

22

Interpretation consistent with results, balancing actual beneﬁts and all
aspects of harm and feasibility issues

Discussion
Interpretation

In the Dante trial of lung cancer screening, the expected 50% reduction of
mortality is not compatible with current hypotheses48
In the ERSPC, the authors considered excluding from the analysis centers
with a large proportion of contamination in the control group and
performed their ﬁnal analysis in a subgroup of men, therefore breaking
the randomization42
In screening for cervical, prostate, or breast cancer, there is a gap between
evidence regarding efﬁcacy and harm16

CT ¼ computed tomographic; ERSPC ¼ European Randomized Study of Screening for Prostate Cancer; NELSON ¼ European NEderlands-Leuvens Screening ONderzoek; NLST ¼ National Lung Screening Trial; PSA ¼
prostate-speciﬁc antigen.
b
Adapted from the Consolidated Standards of Reporting Trials (CONSORT) Statement (see Schulz et al39 for original CONSORT items and the full list of items adapted to screening trials in Supplemental Table 2).
c
Items of the original CONSORT or proposed numbers; see the complete original list in Supplemental Table 2.
d
See the text for a discussion of relevance and the limits of all-cause, disorder-speciﬁc, and incidence-based mortality.
a
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Sample size

Key secondary outcomes (disorder-related morbidity, compliance with
tests and intervention, contamination, adverse effects of tests and
intervention, false-positives, false-negatives; overdiagnosis, psychological
impact) are deﬁned and monitored similarly in all groups
Hypotheses underlying sample size calculation are reasonable

Examples of observed limitations or variations
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both the individual and population perspectives (Figure 1), the main outcome is the
most severe consequence for which it is hypothesized that screening can improve prognosis. For example, when screening for
inability to drive an automobile in the elderly,
the main outcome must include all occurrences of collisions with at least a severe or
lethal injury to either the driver or other
road users.21 For most chronic diseases for
which screening has been proposed, the
main outcome is death,20 but it is debated
what is the most relevant parameter49 (Table,
items 2b and 6a).
Case fatality is relevant from the individual
perspective (Figure 1A) in trials comparing early
and delayed treatment, but it is not as relevant
from the population perspective (Figure 1B)
because it considers only people with the disorder. Furthermore, in the presence of overdiagnosis, case fatality will seem lower in screened than
in unscreened populations, and the effect of
lead-time bias will be increased. Disorderspeciﬁc mortality is the parameter estimated in
most cancer screening trials.49 Proponents of
disorder-speciﬁc mortality argue that, ﬁrst, it is
the parameter most directly related to an
improvement in prognosis and, second, it is
unrealistic to hope for a positive effect to be reﬂected by a change in all-cause mortality, unless
follow-up is very long49,50; the huge sample size
needed to show an improvement in all-cause
mortality, a major obstacle in trials based on
all-cause mortality, is another issue discussed
by proponents of disorder-speciﬁc mortality.50,51 It can also be argued that whenever
screening can reduce the incidence of the disease, for instance when the diagnostic procedure
allows removal of precancerous lesions (eg,
removal of polyps during colonoscopy in colonic
cancer screening),52 disorder-speciﬁc mortality
can be an appropriate outcome parameter.
Proponents of all-cause mortality,53
including the authors, argue that the follow-up
needs, anyway, to be very long because
screening cannot have a positive effect before a
substantial number of patients in the preclinical
phase are identiﬁed and the resulting improved
prognosis results in a change in disorder-speciﬁc
mortality.45 Furthermore, it can be argued, from
the population perspective, that only all-cause
mortality can reﬂect the most severe consequences occurring in people with and without
Mayo Clin Proc. n November 2016;91(11):1594-1605
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the disorder, resulting from disorder- and
screening-related morbidity.53 It is also relevant
because a decrease in disorder-speciﬁc mortality
implies that survivors remain subject to competitive causes of deaths, especially in aged
populations.54,55
Another reason to prefer all-cause to
disorder-speciﬁc mortality is that the latter is
easily subject to misclassiﬁcation.53 Indeed,
the validity of disorder-speciﬁc mortality
assumes that cause of death is accurately determined and that screening has negligible effects
on other causes of death. Not meeting these assumptions results in 2 biases.38,53 (1) Sticky
diagnosis bias can occur in a randomized trial
if validation of outcomes is not adequately standardized, resulting in the screening group in
some deaths from other causes being unduly
attributed to the disorder; this bias underestimates the positive effect of screening. (2) Slippery linkage bias occurs because deaths due
to adverse effects of screening-related procedures are not counted in disorder-related
mortality; this bias overestimates the positive
impact of screening. This lack of consideration
of screening-related morbidity is another
possible argument in favor of all-cause over
disorder-speciﬁc mortality.53
To resolve the controversy regarding allcause and disorder-speciﬁc mortality, some
authors have suggested assessing the real-life
impact of screening based on excess mortality
in those with the disorder.56 This approach
consists of comparing the observed number
of deaths in screening participants with the expected number derived from disease-speciﬁc
mortality in the general population. However,
this approach is also subject to strong overestimation of the number of expected deaths and
of the beneﬁt of screening if it is not based on
an incidence-based mortality method, which
standardizes for time of diagnosis and considers that screening participants do not have
a date of previous diagnosis.56 Still, because
the method can be derived from data available
in cancer and death registries, it probably gives
a good reﬂection of the actual effect of a
screening program in circumstances in which
a trial is not feasible or not completed.56
Whatever the option, the population
perspective implies that investigators should
thoroughly document all relevant positive and
negative outcomes of the disorder and
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Without disorder
Tested (screening)
LTB

PSB

SEL

SEL
Asymptomatic
disorder

Tested (diagnosis)
Disorder-related
morbidity

DET

Labeled
with disorder

Tested (screening)

OVD
SEL
Treated

TIB

Case fatality
SDB
Disorder-specific
mortality

Care-related
morbidity

Non–disorder-specific
mortality
SLB
All-cause mortality

FIGURE 2. The course of a disorder and biases to consider in randomized
trials, modeling, or cohort studies of the effects of screening programs. The
solid lines indicate the possible transitions in the absence of screening;
dashed lines, the additional possible transitions in the presence of screening.
Nonspeciﬁc mortality also includes mortality related to competitive causes,
which are neither disorder speciﬁc nor care related. DET ¼ detection bias;
LTB ¼ lead-time bias; OVD ¼ overdiagnosis; PSB ¼ prevention success
bias; SDB ¼ sticky diagnosis bias; SEL ¼ selection bias; SLB ¼ slippery
linkage bias; TIB ¼ treatment improvement bias (see deﬁnitions in text).

screening. This is a huge challenge, as reﬂected
by the fact that systematic reviews on screening
usually identify limitations of published trials:
focus on the initial test rather than on the program,57 insufﬁcient statistical power,58 poorly
compensated by attempts to mix studies or centers with different populations or screening,42,59
insufﬁcient follow-up,60 lack of standardization
of outcome assessment61 and follow-up procedures,47 unclear deﬁnition and poor documentation of secondary outcomes,17,57,61 and major
changes in the interventions or interventions
becoming obsolete.15,47 It is therefore argued
that good screening trials are difﬁcult to
conduct,38 and our proposed speciﬁcations of
CONSORT (Table) make the challenge even
bigger. Nevertheless, trials are important
because they are the gold standard to document
the effect of any intervention.
1600
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The Possibility of Simulating the Effects of
Screening
Given the difﬁculties of conducting adequate
trials and the delays before relevant results
are available, some authors have suggested
that simulations using, for example, Markov
models62 could be used to assess the effects
of screening.63 Such simulations can consider
all steps of the natural history of the disorder
and can compare the values of case fatality
and of disorder-speciﬁc and all-cause mortality
in the presence and absence of screening
(Figure 2) for various lag times, screening intervals, starting ages, stopping ages, and ascertainment algorithms. The proposed model,
however, must consider that many methodological choices are speciﬁc to a given disorder/testing procedure.
One strength of models is that they can be
fed by data from many sources (randomized
trials; observational studies such as cohort, accuracy, and repeatability studies; and expert
judgments using formal consensus techniques)
and can simulate the effect of uncertainties in
estimates of relevant parameters.64 For
example, a Markov model could be used to
simulate the impact of a hypothetical program
screening for pediatric abusive head trauma
despite an extremely scarce literature on the
performance of possible tests and the deﬁnition and length of the preclinical phase.65
Similar models have been developed, for
example, for screening for psychosis,66 agerelated macular degeneration,67 and prostate
cancer.68 Models are also potentially appropriate to consider the potential effects of issues
such as selection, detection, lead time, overdiagnosis, sticky diagnosis, and slippery
linkage.69
Another advantage is that models can complement trials by simulating more complex
questions than can be addressed in trials.70
The typical trial compares one screening strategy with one control group; there are a few instances of trials comparing several screening
strategies with a control group. For example,
the Multicenter Italian Lung Detection trial
compared 2 rhythms of screening for lung
cancer by low-dose computed tomography,
annually or every other year, with the absence
of screening.71 Such trials are even more difﬁcult to conduct than 2-group trials and are
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less likely to meet all the expectations of CONSORT.39 It is, therefore, difﬁcult to imagine
larger trials comparing more screening strategies or screening with other interventions (prevention or treatment).
The Need to Compare Screening With Other
Options
Prevention and treatment are interventions
that should be considered alternatives to
screening. Failure to consider these alternatives when assessing screening can result in 2
issues, similar to the classic history bias in
evaluation research72: treatment improvement
bias (obstacle 9) and prevention success bias
(obstacle 10). Treatment improvement bias
occurs when progress has occurred between
the start and the ﬁnal analysis of a trial. For
example, a dramatic improvement has been
observed in the prognosis of breast cancer73
owing to the availability of targeted treatments.74 Were trials of mammography
screening to be started in the present decade,
rather than 40 years ago, it is likely that the
observed positive effect of screening, if any,
would be small.15 Treatment improvement
bias decreases the disorder-speciﬁc mortality
in the usual care group; it also dramatically decreases the power of trials, making it even less
likely to demonstrate a statistically and clinically signiﬁcant difference between screening
and usual care.45
Prevention success bias is a consequence
of a decrease in the incidence of the disorder
owing to effective preventive interventions.
For example, the positive effect of screening
for driving under the inﬂuence of alcohol is
lowered by the effectiveness of laws.75 In a
trial of prevention vs screening, the result
will favor the prevention arm. If a trial compares screening with no intervention in a population in which prevention has been
disseminated, then the trial will lack power.
Treatment improvement bias and prevention
success bias are more likely to occur when
the length of follow-up needed to expect a
positive effect of screening is long.72
Another effect of the decreased incidence of
the disorder is to worsen detection and selection issues: fewer people with the disorder increases the likelihood of false-positive results
and their consequences.34 For example, the
model comparing prevention, screening, and
Mayo Clin Proc. n November 2016;91(11):1594-1605
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the combination of prevention and screening
with no intervention to deal with pediatric
abusive head trauma showed that prevention
would be effective in decreasing mortality but
that both screening and the combination of
screening and prevention could actually increase mortality, mostly because stigmatization
of parentsdby increasing parental poor selfesteem, depression, and social isolationd
might increase the risk of abuse.65
RECONCILING PERSPECTIVES AND
MEETING ETHICAL CHALLENGES
Reconciling individual and population health
perspectives is possible by considering that
veriﬁcation of hypotheses underlying the
former is a prerequisite for the latter
(Figure 3). The only subtlety is that a screening
program or policy is justiﬁed only if the disorder is a public health issue (Figure 3, box 1),
that is, that its consequences are important in
terms of mortality, severe morbidity, or costs
to society.1,4,76 Mass screening is a public
health option, but issues common to the individual and population perspectives (a welldeﬁned and long preclinical phase, accurate
and reliable tests in the preclinical phase, and
early treatment demonstrated to be better
than later treatment) have to be addressed
whether screening is systematic, targeted, or
case ﬁnding.63 Overdiagnosis, acceptability, selection, and detection issues are also relevant
to both perspectives.
Furthermore, we argue that consideration
of acceptability (of tests, early treatment, and errors) is a foundation of evidence-based medicine
and evidence-based policy.77-79 The challenge
of evidence-based medicine is to integrate scientiﬁc evidence, the values and perspectives of
the patient/person on his or her health and the
intervention, the experience of the physician,
and the availability of health care resources.78
Addressing the patient’s values and perspectives
is central to acceptability (Figure 3, box 6); individuals with different expectations from life and
different coping may, indeed, give different
values to beneﬁts and harms. Nevertheless, the
explanation of options (to screen or not to
screen) and their consequences requires a previous demonstration that the advantages of
screening the target population are larger than
the disadvantages (Figure 3, box 5). Also, it
should be the experience of physicians that
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Document the
magnitude of the
issue (descriptive
epidemiology)

Do
not
know

1. Disorder is (still) a
public health issue

Mass screening is
not indicated.
Consider other options

No

Yes
Document natural
history of disorder
(cohort studies)

Do
not
know

2. Preclinical phase
is well defined
and long

No

Screening is not possible.
Consider other options

Yes
Develop and assess
adequate tests
(clinimetrics)

Do
not
know

3. Detection/confirmation are accurate
and reliable in the
preclinical phase

No

Yes
Evaluate treatment
options (preclinical
randomized trials)

Do
not
know

4. Treatment during
preclinical phase is
superior to later
treatment

No

Yes
Estimate
advantages to
disadvantages ratio
(randomized trials
and simulations)

Do
not
know

5. Advantages for the
target population
are larger than
disadvantages

Early detection
is unethical.
Consider other options

No

Yes
Study obstacles
to feasibility
(qualitative/
quantitative studies)

Do
not
know

6. Screening is
acceptable to all
individuals (with and
without disorder)

No

Yes
Study obstacles
to feasibility
(economic and
systemic analyses)

Do
not
know

7. Costs of screening
are acceptable to
individuals and the
health system

No

Screening is not feasible.
Consider other options

Yes
Issues
1, 4, 5,
6, and 7

Screening can be implemented.
Its real-life impact must be regularly evaluated

FIGURE 3. Seven key issues reconciling the individual and population
perspectives on screening and their consequences for decisions (ovals)
and implications for research (dotted-line boxes). Dark orange boxes
indicate the only issues traditionally considered in the individual model;
light orange boxes are suggested to be part of an evidence-based model
(see the text for details).

most tests are negatives, most positive tests are
false-positives, and screening-related morbidity
can be frequent for some disorders.63 Thus, issues of effectiveness and acceptability belong
to both perspectives. Finally, screening is
feasible only if costs are acceptable for the
1602
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individual and the health system (Figure 3,
box 7). However, any evaluation of costs should
not be limited to the cost of testing but should
include costs directly or indirectly related to
treatment and errors6; costs should also be
reevaluated during the program.
We further suggest that recommending
screening or prescribing a test is unethical
when all issues have not been properly
addressed.18,80-82 Addressing all issues by
adequate research, however, is a huge challenge.83 Nevertheless, we submit that a positive
beneﬁt-to-harm balance should be better documented, whether through better-conducted
randomized controlled trials, modeling, or
both, before any recommendation of screening.
One has to accept that although screening is the
responsibility of health care professionals, relevant research documenting the beneﬁts and
harms of screening is not limited to the clinical
setting; integrating epidemiologic, clinical, and
behavioral and social sciences, mathematical
modeling and economics can properly be
addressed by multidisciplinary research groups
familiar with the evaluation of complex public
health interventions.6
In that context, one should question
whether it is ethical to continue trials that
will never provide the information needed to
guide recommendations.38 We believe that
modeling is a promising approach because
models can be used to estimate the potential
effects of proposed screening and, using data
from cohorts of populations where screening
has been implemented, estimate the real-life
effects of existing programs.70 Nevertheless,
we suggest that trials, if better designed and
monitored to appropriately consider key issues discussed herein, remain important sources of evidence to inform beneﬁt and harm.
Modeling and trials are not in opposition;
both should be used whenever screening is
considered. Finally, we suggest that better
formalization of reﬂections on screening, as
proposed in this article, will make it easier
for clinicians and other decision makers, as
well as researchers, to deﬁne best-evidence
practices and policies. One has to accept, however, that not prescribing screening is often
ethically the best option and that research,
prevention, and improved treatment should
always be considered as alternatives to
screening.
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CONCLUSION
Screeningdthe early detection of a latent disorder to improve prognosisdis an important public health intervention for which the individual
and population perspectives can be reconciled.
Many obstacles and biases are well documented,
and most apply equally to the individual and
population perspectives and can be addressed
in randomized controlled trials or modeling of
the effects of screening, provided these studies
are adapted to the speciﬁc disorder and testing
procedures. The individual and population
perspectives can both beneﬁt from stronger
emphasis on an evidence-based model of
screening, in which the interests and values of
all individuals, whether they have or do not
have the targeted disorder, are considered.
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