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Decision making around preventive health screen-
ing by family physicians, other health care prac-
titioners, and patients has become increasingly 

complex and controversial in recent years. Preventive 
health screening has long been advocated as one of the 
most important health care strategies to facilitate early 
diagnosis and treatment, improve quality of life, and 
prevent premature death. For many years, professional 
organizations, patient advocacy groups, and clinicians 
used a combination of public policy, persuasive advertis-
ing, and direct clinical messages to patients as methods 
to increase uptake of screening in specific patient popu-
lations and with individual patients.1 Canadians have 
been consistently told that the more proactive you are 
about being screened and the more frequently that you 

are screened, the healthier and more protected you will 
be. This belief has become deeply entrenched in society 
and has been reinforced by both empirical evidence and 
anecdotes. For example, the Papanicolaou test, intro-
duced more than 50 years ago, has been highly effective 
in reducing the morbidity and mortality that was asso-
ciated with cervical cancer.2 There is widespread belief 
among men and women, supported by promotion from 
various organizations, in the benefits of screening for 
prostate cancer with the prostate-specific antigen (PSA) 
test and for breast cancer with mammography.

In spite of the perceived benefits of preventive 
screening, there has also been growing awareness and 
concern about the potential for preventive screening to 
cause harm to some patients.3,4 Examples of these con-
ditions include screening for breast cancer with mam-
mography,5-7 screening for prostate cancer with the PSA 
test,8 and screening for gestational diabetes.4,9

Decisions around screening have been made more 
difficult owing to the proliferation of preventive screen-
ing guidelines by advocacy groups, professional organi-
zations, and government agencies, often with conflicting 
recommendations on the same topic. Physicians and 
patients have their own clinical and personal experi-
ences related to cancer and other health conditions that 
shape their beliefs about the value of preventive health 
screening for different conditions. Patients and physi-
cians often overestimate the benefits and underestimate 
the harms associated with preventive health screen-
ing.10,11 Recommendations around screening strategies 
have often been accompanied by highly charged emo-
tional debates related to beliefs about the potential ben-
efits of a screening strategy.1,5,12

Factors to consider
How can practitioners better inform preventive health 
screening decisions?  The goal of screening is to improve 
health outcomes that matter to the patient, not simply 
to discover a disease state. Understanding the potential 
benefits and harms associated with a screening strategy 
is central to informed decision making by physicians and 
patients. This decision making requires understanding 
the key factors that influence the balance between ben-
efits and harms, the quality of the evidence that supports 
the screening maneuver, and the common measures of  
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magnitude used to express the size of the benefits and 
harms. High-quality guidelines should provide information 
on both the benefits and harms associated with preven-
tive health screening strategies and knowledge transla-
tion tools to support shared decision making with patients.

How do we determine the benefits of preventive screening?  
The highest-quality evidence for screening interventions 
comes from randomized clinical trials that compare the 
screening intervention with usual care or no screening. In 
circumstances when evidence from randomized clinical 
trials is not available, lower-quality evidence from obser-
vational studies might also be used to inform the devel-
opment of screening recommendations. Although many 
methods of evaluating the quality of evidence have been 
developed since the 1970s, the Canadian Task Force on 
Preventive Health Care, along with many other national 
and international guideline-development organizations, 
has adopted GRADE (Grading of Recommendations 
Assessment, Development and Evaluation) to evaluate the 
quality of evidence.13,14 The GRADE system ranks the con-
tinuum of the quality of evidence on a 4-point scale that 
ranges from very low quality to high quality.13,14

The most important health outcome measures for cancer 
screening are disease-specific mortality and overall mortal-
ity. In screening for other health conditions, such as cogni-
tive impairment or developmental delay, outcome measures 
such as quality of life, improved cognitive function, or aca-
demic performance are appropriate outcome measures.

Preferred measures of effect size or magnitude 
include both natural frequencies, which present the out-
comes in a population of individuals undergoing screen-
ing compared with an equivalent population that is 
not screened, and absolute risk reduction (ARR) or risk 
reduction that are calculated as straight linear equations 
by subtracting the rate (benefit or harm) in the screened 
group from that in the unscreened group. Other com-
monly used measures include the number needed to 
treat (NNT) and relative risk reduction. The NNT is 
the number of people who need to be treated before 
1 person experiences the benefit or harm; it is calcu-
lated as the inverse of the ARR (1/ARR). Relative risk 
reduction is calculated by dividing the rate of interest 
in the screened group by the rate in the control group. 
Research has found that clinician and patient under-
standing is improved by expressing measures of mag-
nitude as natural frequencies or ARR; they might have 
difficulty understanding other commonly used meas-
ures of effect size such as NNT or relative risk.15-19   
Further, the manner in which the effect size or magni-
tude is presented can be misleading and overestimate 
the benefit of the screening interventions.15-19

How can preventive screening cause harms?  False-
positive (FP) results:  False-positive results are positive 

test results in patients in whom the disease or condition 
is absent. Harms related to FP test results include anxiety 
and stress related to the diagnosis of the disease or con-
dition, as well as direct harms associated with the extra 
testing required to determine the presence or absence of 
disease. One of the most striking examples of the poten-
tial for FP results in preventive health screening comes 
from the National Lung Screening Trial.20,21 This random-
ized clinical trial on screening for lung cancer compared 
low-dose computed tomography (LDCT) with chest x-ray 
scans in patients aged 55 to 74 years of age with at least 
a 30-pack-year history of smoking. It showed that for 
every 1000 men screened 3 times with LDCT, 391 would 
have at least 1 positive result, of which 351 (90%) of these 
would subsequently be found to be FP results.21 In this 
circumstance, it would be important for practitioners to 
have discussions with their patients about the benefits 
and harms of screening for lung cancer with LDCT that 
include information about FP results and the adverse 
effects of invasive follow-up. Because of the potential for 
screening-related harms, subsequent management should 
be done in health care settings where there is expertise in 
early diagnosis and treatment of lung cancer.21

Overdiagnosis:  For many primary care practitioners 
and their patients, the concept of overdiagnosis continues 
to be both counterintuitive and conceptually challenging. 
This issue has now been identified as the most important 
potential cause of harm to healthy people in preventive 
health screening.3,4,22-24 Overdiagnosis is defined as the 
detection of an asymptomatic “abnormality” or “condi-
tion” that would ultimately not go on to cause symptoms 
or death.3,4,24 Overdiagnosis occurs in a variety of condi-
tions spanning the spectrum of patients presenting to pri-
mary care physicians. This can include breast, prostate, or 
thyroid cancer, asthma, ischemic heart disease, chronic 
kidney disease, gestational diabetes, pulmonary embo-
lism, and attention deficit hyperactivity disorder.3,4,6,7,8,22-30

In cancer, overdiagnosis is linked to the concept of 
heterogeneous disease progression. Some cancers can 
progress at rates that will cause symptoms or death. 
Other cancers never progress or progress so slowly 
that the patient dies of other causes before symptoms 
appear. Recent evidence also suggests that some “can-
cers” regress, either because they were not truly cancer  
or because immune or other mechanisms reverse the 
pathological process.24 Identification of patients with 
these nonprogressive or very slowly progressing cancers  
during preventive health screening would result in 
overdiagnosis.3,24 Definitions of overdiagnosis have also 
broadened to consider the social and ethical issues 
related to this concept.25

Factors driving overdiagnosis include advances in 
technology with increasingly sensitive imaging and tests, 
widening of disease definitions or treatment thresholds 
that yield much larger populations with a disease, and 
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“incidentalomas” or incidental findings in individuals 
being investigated for other reasons.3,4,24 

The harms of overdiagnosis occur among patients 
given a diagnosis of a condition or disease from which 
they would have never suffered any harm. These 
patients therefore suffer the harms related to additional 
diagnostic testing and treatments but do not receive any 
benefits.3,4,23-25 The unfortunate conundrum is that at the 
time of diagnosis we cannot determine which individual 
patients are overdiagnosed.3,24 

The potential effects of overdiagnosis for a number of 
cancers are shown in Table 1.6,8,21,26-29 These results sug-
gest that screening for these conditions has the potential 
to cause harm to large populations of patients.

How does the practitioner balance benefits and harms 
to inform decision making?  In circumstances in which 
preventive health guideline recommendations provide 
strong evidence that the desirable effects of an interven-
tion outweigh the undesirable effects or the undesirable 
effects outweigh the benefits, clinicians can be confident 
that most patients would be best served by following the 
guideline recommendation. In the GRADE system, these 
types of recommendations would be given a strong rec-
ommendation. Examples include screening for cervical 
cancer,2 screening for hypertension,31 and not screening 
for cognitive impairment in older patients32 or develop-
mental delay in children.33

For most conditions, the trade-off between benefits 
and harms can be much less clear. In these circum-
stances, practitioners and patients need to consider 
both the balance between the benefits and harms of the 
intervention and the preferences and values of the indi-
vidual patient. In the GRADE system, these types of rec-
ommendations are given weak recommendations. It is 
important to note that weak recommendations do not 
indicate that physicians should or should not perform 
the action or intervention; rather, it means that physi-
cians and patients should engage in shared decision 
making to determine the most appropriate screening  

decision for each patient. In this situation, patients with 
similar health states for which the recommendation 
is intended might make different choices on whether 
to undertake or decline preventive screening maneu-
vers based on their values and preferences. Examples 
of such weak recommendations include screening for 
breast, prostate, or lung cancer.

Conclusion
To improve decision making in preventive health 
screening, physicians must be familiar with and fluent 
in many key concepts that inform evidence-based deci-
sion making. Understanding these concepts provides 
physicians with the essential skills to understand and 
address the complexity and controversy surrounding 
preventive health screening with their patients. This 
article, the first in a series on preventive screening, out-
lines and addresses the concepts related to potential 
benefits and harms of screening decisions. Future arti-
cles will expand on these concepts to provide a founda-
tion of skills that can be used by physicians in shared 
decision making with their patients. Some of the topics 
to be addressed in future articles include shared deci-
sion making, patient values and preferences, knowl-
edge translation tools, and outcome measures and 
magnitude of effect. 
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Table 1. Potential effects of overdiagnosis of cancer

Cancer Screening Test
Range of Estimates of 
Overdiagnosis* Comments

Prostate cancer8 PSA test 40% to 56% Estimates from the ERSPC trial

Breast cancer6,26 Mammography 0% to > 50% Lack of consensus on rates and most appropriate methods to obtain 
estimates. Issues include study design, length of follow-up, and tumour size

Thyroid cancer27,28 Ultrasound,  
CT, MRI

50% to 90% Overdiagnosis linked to increased incidence of papillary thyroid cancer

Lung cancer21,29 Low-dose CT 18.5% (95% CI 5.4% 
to 30.6%)

Estimates from NLST

CT—computed tomography, ERSPC—European Randomized Study on Screening for Prostate Cancer, MRI—magnetic resonance imaging, NLST—National 
Lung Screening Trial, PSA—prostate-specific antigen.
*Rates of overdiagnosis can vary because of different methodologic approaches used to calculate estimates.29
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