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Abstract
OBJECTIVE To provide a primer for primary care professionals who are increasingly called 
upon to discuss the growing number of genetic screening services available and to help 
patients make informed decisions about whether to participate in genetic screening, 
how to interpret results, and which interventions are most appropriate.

QUALITY OF EVIDENCE As part of a larger research program, a wide literature relat-
ing to genetic screening was reviewed. PubMed and Internet searches were conducted 
using broad search terms. Effort was also made to identify the gray literature.

MAIN MESSAGE Genetic screening is a type of public health program that is systemati-
cally offered to a specified population of asymptomatic individuals with the aim of provid-
ing those identified as high risk with prevention, early treatment, or reproductive options. 
Ensuring an added benefit from screening, as compared with standard clinical care, and 
preventing unintended harms, such as undue anxiety or stigmatization, depends on the 
design and implementation of screening programs, including the recruitment methods, 
education and counseling provided, timing of screening, predictive value of tests, interven-
tions available, and presence of oversight mechanisms and safeguards. There is therefore 
growing apprehension that economic interests might lead to a market-driven approach 
to introducing and expanding screening before program effectiveness, acceptability, and 
feasibility have been demonstrated. As with any medical intervention, there is a moral im-
perative for genetic screening to do more good than harm, not only from the perspective 
of individuals and families, but also for the target population and society as a whole.

CONCLUSION Primary care professionals have an important role to play in helping 
their patients navigate the rapidly changing terrain of genetic screening services by 
informing them about the benefits and risks of new genetic and genomic technolo-
gies and empowering them to make more informed choices.

Résumé
OBJECTIF Fournir un guide original aux professionnels des soins primaires qui sont de 
plus en plus appelés à discuter avec leurs patients des tests génétiques de plus en plus 
nombreux désormais disponibles, et de les aider à prendre des décisions éclairées sur 
l’intérêt de participer à ce genre de dépistage, sur la façon d’interpréter les résultats et 
sur  le choix des interventions les plus appropriées.

QUALITÉ DES PREUVES Dans le cadre d’un programme de recherche plus large, on a 
effectué une revue minutieuse de la littérature sur le dépistage génétique. On a consulté 
PubMed et Internet à l’aide d’un vaste éventail de termes de recherche. On s’est aussi 
efforcé d’identifier la documentation parallèle.

PRINCIPAL MESSAGE Le dépistage génétique est un programme de santé publique 
qui est systématiquement offert à une population spécifique de personnes asymptoma-
tiques, dans le but d’offrir aux personnes à risque élevé des mesures préventives, un 
traitement précoce ou des choix concernant la reproduction. Pour profiter des avantages 
supplémentaires du dépistage comparativement aux soins cliniques courants, et prévenir 
des préjudices involontaires tels que de l’anxiété ou une stigmatisation inutiles, il faut 
bien concevoir et exécuter les programmes de dépistage, notamment les méthodes de 
recrutement, les services d’information et de counseling, le moment du dépistage, la 
valeur prédictive des tests, les interventions disponibles, et la présence de mécanismes 
d’encadrement et de sauvegardes. On craint donc de plus en plus que des intérêts 
économiques puissent mener à une démarche axée sur le marché visant à adopter et 
élargir les programmes de dépistage avant que ne soient démontrés leur efficacité, leur 
acceptabilité et leur faisabilité. Comme pour toute intervention médicale, il est morale-
ment impératif que le dépistage génétique comporte plus d’avantages que de risques, 
du point de vue non seulement des individus et des familles, mais aussi de la population 
ciblée et de la société dans son ensemble.

CONCLUSION Les professionnels des soins primaires ont un rôle important à jouer 
pour aider leurs patients à comprendre le domaine en rapide évolution des services de 
dépistage génétique, en les informant des avantages et des risques des nouvelles tech-
nologies génétiques et génomiques, et en les rendant aptes à faire des choix plus éclairés.

Genetic screening is often touted as 
an important vehicle for translat-
ing genetic and genomic advan-

ces into population health gains.1,2 This has 
contributed to increasing pressures from 
various sources to introduce or expand 
population-based genetic screening pro-
grams.3,4 However, the availability of new 
tests for genetic screening is outpacing our 
ability to adequately integrate these into ser-
vices, as the epidemiologic data, regulatory 
frameworks, infrastructure, clinical capacity, 
and public debate often lag far behind.5-9

Deciding whether or not to introduce or 
expand population-based screening pro-
grams is complex and involves systematic 
analysis and synthesis of different kinds 
of evidence to evaluate the risks, benefits, 
and costs of screening from various view-
points.10 Because the introduction of new 
screening tests involves more than scien-
tific judgment alone, there has been a call 
for greater public engagement with and 
debate about the moral issues and societal 
values at stake. Far-reaching implications 
have indeed been described, ranging from 
the psychological effects of living with risk 
and the potential for discrimination, to 
being denied insurance or suffering loss 
of employment. The technological impera-
tive and the increasingly broadening con-
ception of benefit are rapidly increasing the 
number of screening tests being offered,11 
in spite of the fact that each has its own 
distinct implications and needs to be con-
sidered on a case-by-case basis. This 
primer was therefore developed to assist 
primary care professionals in the com-
plex task of discussing the growing num-
ber of genetic screening services with their 
patients and with the communities that 
they serve, thereby facilitating informed 
choices.12 In particular, the primer begins 
by clarifying the nature of a genetic screen-
ing program, then explores the implications 
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of genetic screening for different types of genetic condi-
tions using different screening tests at different phases 
of the life cycle, and finally highlights key features of the 
decision-making process.

Quality of evidence
As part of a larger research program, a wide literature 
relating to multiple aspects of genetic screening policy-
making was reviewed. PubMed and Internet searches 
were conducted using broad search terms such as 
genetic screening, prenatal screening, newborn screen-
ing, and population-based screening. Identified abstracts 
were scanned for relevance. Reference lists of retrieved 
documents were used to identify further sources. A spe-
cial effort was also made to identify the gray literature 
through attendance at genetics conferences and discus-
sions with key informants in the field.

Genetic diseases and hereditary diseases
Diseases caused by alterations in the genetic makeup 
of an individual (eg, single-gene mutations, chromo-
somal aberrations) are considered genetic diseases.13 For 
instance, cancer is a genetic disease resulting from an 
accumulation of genetic mutations over time. However, 
not all genetic diseases are hereditary. Only diseases 
passed down from parents to offspring, according to 
laws first described by Gregor Mendel in the 19th cen-
tury, are hereditary diseases.14 Thus, although cancers are 
genetic diseases, less than 10% or 20% are due to inher-
ited predispositions that can be transmitted from one 
generation to the next.15

Traditionally, the discourse on genetic diseases 
referred to rare single-gene Mendelian conditions, 
which are both genetic and hereditary, often causing 
severe disability and death at an early age.16 However, 
discussion of genetic diseases is becoming increasingly 
complex as a growing number of genetic alterations are 
being discovered for several common late-onset dis-
eases with complex, multifactorial inheritance, such as 
the nonfamilial forms of cancer, type 2 diabetes, heart 
disease, and many psychiatric conditions.17

Single-gene diseases and  
complex genetic diseases
Most diseases result from a combination of genetic and 
environmental factors.18 There is, however, an etiologic 
spectrum on which diseases at one end are mostly due 
to genetic factors and diseases at the other end are 
mostly due to environmental factors.

At the “genetic” end of the spectrum, there 
are more than a thousand single-gene diseases (eg, 
Huntington disease, cystic fibrosis, and hemochro-
matosis),19 which share certain features: they tend to 
be rare conditions; they are inherited in a Mendelian 
fashion; and genetic factors are strong determinants 
of the disease.16

At the “environmental” end of the spectrum, multi-
factorial or complex genetic diseases (eg, heart disease, 
psychiatric conditions, and cancers) are caused by the 
interplay of multiple low-penetrance genes with various 
behavioural and environmental factors.17,20

Although there are high expectations that personal-
ized medicine could be used to screen individuals for 
multiple low-penetrance disease genes associated with 
common late-onset conditions, this remains highly 
controversial.21-23 For now, genetic screening might be 
most promising for rare diseases, as more than 80% are 
single-gene diseases, each with a strong genetic basis, 
inherited in a more predictable fashion.

Rare diseases and orphan diseases
Rare diseases have been defined as having a low preva-
lence of less than 1 in 2000.24 There exist between 5000 
and 7000 distinct rare diseases that together affect 
between 6% and 8% of the world’s population, includ-
ing an estimated 54 million people in Europe and North 
America combined. Thus, taken together, rare diseases 
are in fact not so rare.25

Owing to the low prevalence of each disease in isola-
tion, however, rare diseases have not traditionally been 
considered a public health concern. Some progress has 
been made,26 but it remains difficult to get rare diseases 
onto the agendas of policy makers and pharmaceutical 
companies.27,28 Many rare diseases are therefore also 
orphan diseases, which receive little attention in terms of 
research focus, market interest, and public health poli-
cies.27,29 Special efforts are needed to reduce morbidity 
and mortality related to orphan diseases.30

Screening as a strategy to  
improve health outcomes
Screening forms part of a continuum of approaches 
for improving population health, ranging from health 
promotion and disease prevention to treatment and 
rehabilitation.31 Screening has been defined as a health 
service in which members of a specified population, 
who do not necessarily perceive themselves to be at risk 
of a disease or its complications, are asked a question or 
offered a test with the aim of identifying those individ-
uals who are more likely to be helped than harmed by 
further tests or treatments.32

Screening is known in public health terms as a sec-
ondary prevention strategy,33 which identifies disease 
before symptoms develop, as early intervention might 
lead to improved health outcomes. Such benefits do not 
always occur, however, and screening can also have 
disadvantages.34-36 Many factors must be considered, often 
through the use of established criteria,37 to determine 
whether or not to introduce or expand screening programs.

Genetic screening
Genetic screening refers to screening for genetic diseases; 
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however, the term is not used in a consistent manner.38 
Depending on how genetic screening programs are 
organized, the recruitment strategies used, the timing 
of screening, the predictive value of the screening tests, 
and the interventions available for those with positive 
results, there can be very different activities involved 
with a range of implications.

Genetic screening is broadly defined here as a systematic 
program offered to a specified population of asymptomatic 
individuals whereby a variety of test methods can be used 
to make a risk estimate regarding an inherited predispos-
ition to disease, to detect an inherited disease at an early 
stage, or to make a risk estimate regarding the possibil-
ity of transmitting a disease to offspring, for the purpose 
of disease prevention, early treatment, or family planning.

Genetic screening programs
Genetic screening programs are a type of public health 
program.39 Public health programs are systematically 
offered to most or all members of a specified population, 
with the aim of delivering a net benefit to the population, 
as well as benefits to individuals.40

Genetic screening involves more than just tests, but 
rather encompasses a complex and systematic pro-
gram of services offered to a defined population who 
are informed of the potential risks and benefits through 
extensive education and counseling. Genetic screening 
programs thus require coordination among the testing, 
the clinical services, and the program management lev-
els to enable the overall objectives of the program to be 
achieved and to ensure accountability.41

Genetic screening recruitment strategies
In mass screening (Figure 1), a test is offered to all individ-
uals within a defined target population who are recruited 
through systematic outreach efforts; in opportunistic 
screening, individuals are recruited when they consult the 
health system for unrelated medical services.42 Genetic 
screening should not be confused with genetic testing,43 
which is part of a diagnostic workup within a clinical 
setting for individuals who present with health-related 

concerns. Cascade screening, however, which involves 
the systematic identification and testing of asymptomatic 
relatives of those affected by a genetic disorder or pre-
viously identified as a carrier,13 constitutes a gray zone 
between population-based genetic screening and genetic 
testing in a clinical setting.

Genetic screening tests
Genetic screening tests can involve molecular,33 bio-
chemical,38 and other types of analyses, or even the use 
of family history questionnaires,44 to predict which indi-
viduals are at risk of developing or transmitting (or both) 
a genetic condition.45 Some tests are strong predictors 
of disease occurrence,46 but many have a high degree of 
uncertainty. It can be difficult for those who have posi-
tive screening results to decide how best to proceed, 
as the proposed interventions vary greatly depending 
on the disease in question, they are not always highly 
effective, and might also involve certain risks.47

Predictive value of genetic tests
Not all genetic tests have the same predictive value. This 
largely depends on whether the disease is caused by a 
single gene or chromosomal abnormality, as opposed to 
complex gene-gene and gene-environment interactions. 
Penetrance is a way of quantifying to what extent a given 
genetic alteration will be expressed as signs and symp-
toms of disease.48 The greater the penetrance, the more 
likely an individual carrying a genetic alteration will 
develop the disease and become symptomatic. Genetic 
tests can thus be classified into presymptomatic, predis-
position, and susceptibility tests.

Presymptomatic tests. Presymptomatic tests (eg, for 
Huntington disease)49 test for rare conditions caused by 
single genes with autosomal dominant inheritance and 
very high penetrance (eg, more than 90% of those with 
the genetic alteration will develop the disease during 
their lifetimes). Nonetheless, the severity of the disease 
and the age at onset of symptoms can vary (ie, as a 
result of genotype-phenotype heterogeneity).

Figure 1. Genetic screening continuum

Population-based screening Clinical practice
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Predisposition tests. Predisposition tests (eg, for hered-
itary breast or ovarian cancer)50 test for rare forms of 
otherwise common conditions that in a small subset 
of cases (usually less than 5% or 10%) are each caused 
by a single gene with autosomal dominant inheritance 
and an intermediate level of penetrance (eg, approxi-
mately 20% to 80% of those with the genetic alteration 
will develop the disease).

Susceptibility tests. Susceptibility tests (eg, for heart 
disease)51 test for common conditions caused by com-
plex gene-gene and gene-environment interactions, in 
which each individual gene has a low penetrance (eg, 
5% or 10% of those with the gene will develop the dis-
ease). The overall risk profile for a set of markers might 
have a higher predictive value, although it still remains 
to be demonstrated whether genetic information pro-
vides any added value to more traditional environmen-
tal and behavioural risk factors of common chronic 
diseases (eg, advancing age, sedentary habits, obesity, 
smoking) and whether it will be useful in promoting pre-
ventive behaviours.

Carrier screening
In autosomal recessive conditions, offspring are only at 
risk of becoming ill if they receive 2 copies of a mutant 
gene, 1 from each parent.13 Generally, however, the birth 
of an affected child comes as a surprise, as parents are 
often healthy carriers, with 1 normal copy of a gene 
and 1 mutated copy.52 If both parents are carriers, there 
is a 1 in 4 risk that the child will be affected by the dis-
ease (depending on the disease penetrance and environ-
mental factors) and a 1 in 2 risk that the child will be 
a carrier. In carrier screening, a test is used to identify 
couples who might be at risk of transmitting a genetic 
condition to their offspring.

Timing of genetic screening
The rationale underlying why certain conditions are 
screened for at specific times during the life course is 
generally linked to the optimal time for intervening that 
maximizes benefit and minimizes harm. Thus, the tim-
ing of screening is often used to divide genetic screen-
ing programs into 3 main types: preconception screening 
(ie, before having children), prenatal screening (ie, during 
pregnancy), and newborn screening (ie, after birth).

Preconception, prenatal, and newborn screening 
programs have long existed. More recently, screen-
ing for adult-onset conditions has been envisioned. 
However, whether such programs (eg, screening for 
early-onset Alzheimer disease or hereditary hemochro-
matosis) should be developed at all is highly controver-
sial, largely owing to uncertainty about the predictive 
value of tests, the lack of preventive and early treat-
ment options, and the fact that there is as yet no proven 
added benefit compared with standard care. For now, 

population-based genetic screening programs for adult-
onset conditions are limited to the research context. 
However, with advances in knowledge and technology, 
this area might evolve rapidly.

Preconception screening. Preconception screening 
occurs before having children, and generally involves 
screening for carriers or identifying couples in which 
both individuals are asymptomatic carriers of a reces-
sive condition (eg, cystic fibrosis),53 to better predict 
whether their future offspring could be affected and to 
offer reproductive choices. Carrier screening is gen-
erally recommended in the preconception period, as 
it offers the widest range of reproductive options. In 
practice, however, carrier screening also occurs dur-
ing pregnancy, when individuals are more conscious 
of reproductive issues. It would even be possible to 
determine carrier status in the newborn period; how-
ever, there are many ethical issues involved, and the 
general consensus is that screening newborns should 
only be carried out if it is directly relevant to their 
health and well-being during infancy and childhood.54,55 
Carrier screening programs are generally limited to 
specific high-risk groups, such as Tay-Sachs screening 
in Ashkenazi Jewish56 and French Canadian popula-
tions. However, the primary care team can also iden-
tify couples planning to start families who have family 
histories of hereditary disease (particularly for dis-
eases in which the gene is known) and who would be 
interested in referral to genetic counseling services for 
more detailed information and nondirective counseling 
tailored to their specific situations.

Prenatal screening. Prenatal screening, also known as 
antenatal screening, is carried out during pregnancy and 
generally identifies whether an unborn fetus has or is at 
risk of having a congenital condition (eg, chromosomal 
anomalies, such as Down syndrome, and structural 
anomalies, such as neural tube disorders or cardiac mal-
formations).57 The parents generally do not have identifi-
able genetic risk factors for these conditions; rather these 
conditions are associated with certain environmental 
influences (eg, advanced maternal age for Down syn-
drome, insufficient maternal intake of folic acid for neu-
ral tube disorders). Prenatal screening often involves a 
number of preliminary screening tests, followed by a con-
firmatory diagnostic test for those identified as high risk. 
The primary care team plays a key role in informing preg-
nant couples of the availability of such screening tests, 
which are generally time-sensitive. Prenatal screening 
offered to the general population should not be confused 
with clinical testing or cascade screening offered during 
pregnancy to a parent who might be at increased risk on 
account of having an affected relative with a single-gene 
disorder, for instance. Although here again, the primary 
care team can identify candidates who warrant referral 
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to genetic counseling services by eliciting detailed family 
histories with respect to hereditary disease.

Newborn screening. Newborn screening, also known 
as neonatal screening, is usually carried out shortly after a 
baby is born and identifies whether the newborn is at risk 
of developing a disease in childhood for which prevention 
or early treatment exists (eg, a low-phenylalanine diet for 
phenylketonuria or hormone-replacement medication for 
congenital hypothyroidism).58 Blood-spot screening has 
existed in many countries around the world for several 
decades. The most common form of newborn screening 
occurs a few days after birth, when a drop of blood from 
the heel of the baby is placed on a piece of absorbent 
paper (known as a Guthrie card) to be analyzed using tra-
ditional biochemical techniques or newer tandem mass 
spectrometry methods.59 In some countries, newborn 
screening is mandatory by law, and in other jurisdictions 
it is universal with implicit consent (with the option to 
opt out). Originally, diseases being screened for had very 
severe consequences (ie, profound mental retardation 
or death), which could be easily prevented if detected 
early with minimal or no risk to the child. However, over 
the years, the list of conditions being screened for has 
expanded from the initial 2 mentioned above to 29 con-
ditions or more in certain jurisdictions,60 making the esti-
mation of risks and benefits  even more complex.61 This 
rapid expansion also poses a challenge for primary care 
teams who will be increasingly called upon to participate 
in the process of informing pregnant couples of what to 
expect after the birth and, at the very least, to make them 
aware of the existence of screening programs. Many 
new parents are not even aware that their newborns 
are being screened, as historically the benefits so greatly 
outweighed the risks that consent was considered to be 
implicit. As programs and times change, keeping up to 
date and informing parents will be increasingly important.

Decision making
As with any medical intervention, there is a moral 
imperative for genetic screening to do more good than 
harm. Introducing new genetic tests into clinical prac-
tice for diagnostic purposes when patients present with 
clinical indications (eg, symptoms of disease or high risk 
owing to family history) entails complex consideration 
of the analytical validity, clinical validity, and clinical 
utility of the tests.62,63 However, the moral imperative is 
even more pronounced in the case of screening, which 
involves offering unsolicited services to asymptomatic 
individuals at baseline risk of developing the disease.

Population-based genetic screening has both indi-
vidual and collective implications, thus the balance of 
risks and benefits has to be considered not only from 
the perspective of individuals and families, but also from 
that of the target population and of society as a whole. 
Even when there is scientific evidence that screening 

provides an added benefit to individuals and families, 
implementing a population-based screening program 
requires evaluation of the potential for the realization of 
these benefits and the minimization of risks in a given 
context, as well as consideration of the opportunity cost 
of funding the screening program.

Conclusion
The benefits of genetic screening programs stem from 
providing high-risk individuals with prevention, early 
treatment, or reproductive options. As science advances, 
making it possible to screen for a growing number of 
genetic conditions, it is important to consider the added 
value of genetic screening, as compared, for instance, to 
addressing the social, behavioural, and environmental 
determinants of health.64,65

Critics are concerned that the “geneticization” of 
health and “routinization” of genetic information are 
being used to justify the introduction of new tech-
nologies before their potential effects are fully under-
stood.66-68 There are concerns that this might fail to 
improve health at a population level, that it could draw 
attention away from interventions with greater poten-
tial for disease prevention, and that it might exacerbate 
health inequities.69

There is also growing apprehension that economic 
interests, with additional pressures from consumer 
groups,70 might lead to a market-driven approach to 
genetic screening policy development71 before the value 
of screening has been demonstrated. Governments must 
therefore balance the many different perspectives and 
needs of society, while promoting greater equity and 
supporting vulnerable groups,72 such as individuals and 
families bearing the burden of rare and orphan diseases.

Even in genetic screening for rare diseases, there 
are many complex considerations to take into account. 
Risk information pertaining to genetic conditions, espe-
cially those caused by highly penetrant single genes, 
can have important implications for family members 
who might also be at risk.73-75 In some instances, entire 
communities have been subjected to discrimination or 
stigmatization, particularly when there was insufficient 
community involvement or education when developing 
screening programs. Therefore, to avoid the premature 
introduction of new technologies and to ensure that 
concerns about genetic screening are adequately 
addressed, there needs to be a more “balanced and 
informed approach to the development of genetic poli-
cies and regulations”76 through greater consultation, 
transparency, and public participation.77 Primary care 
professionals have an important role to play in help-
ing their patients navigate the rapidly changing ter-
rain of genetic screening services, by informing and 
empowering them on how to maximize the benefits of 
new genetic and genomic technologies, where appro-
priate, while minimizing the risks.78 
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