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PERSPECTIVES IN CARRIER SCREENING

Clinical Utility and Practical Implications  
of Carrier Screening

GENETIC SCREENING AND COUNSELING is an important part 
of preconception and prenatal care.1 The previous articles 
in this supplement reviewed current guidelines regarding 
genetic carrier screening, the limitations of these guide-
line-based recommendations, and the evolving science 
of expanded carrier screening. This article explores the 
practical implications of carrier screening, including cost, 
patient acceptance, social and ethical implications, and 
barriers to genetic screening implementation.

Accessibility
The Centers for Disease Control and Prevention set forth 
a framework called ACCE, which describes criteria that 
can be used to evaluate genetic screening tests. 2 These 
criteria include analytical validity, clinical validity, clin-
ical utility, along with associated ethical, legal, and social 
implications. Economic costs and benefits associated with 
actions as a result of testing are among many questions to 
be considered.3 

Insurance Coverage
Insurance providers offer varied coverage of carrier testing 
for genetic diseases according to guideline recommenda-
tions published by the American College of Obstetricians 
and Gynecologists (ACOG).4 Carrier screening for cystic 
fibrosis and spinal muscular atrophy is covered for indi-
viduals seeking preconception or prenatal care.5 However, 
for conditions other than cystic fibrosis and spinal muscular 
atrophy, carrier screening is not considered medically neces-
sary unless there are positive implications of personal or 
family history, or the individual belongs to a high-risk ethnic 
group.5,6,7 Insurance plans typically still regard expanded 
carrier screening as having unproven clinical utility or not 
being medically necessary.6,7

The molecular diagnostic reimbursement landscape is 
expected to change. One driver to this change is the rapidly 
declining cost of next-generation sequencing (NGS) used in 

expanded carrier screening.8 In fact, it may be cheaper to 
use commercial expanded carrier screening panels instead 
of testing for individual genetic conditions.9 Another factor 
is the effort to increase transparency in billing procedures. 
In the past, a genetic test may have been billed under a 
number of current procedural terminology (CPT) codes—a 
method known as code “stacking.”10  This lack of standard-
ization leads to a wide variation in reimbursement amounts 
for the same genetic test submitted by different laborato-
ries.10 In addition, because the same set of CPT codes are 
used for genetic tests for a variety of conditions, payers do 
not know which diseases are being tested.10 The American 
Medical Association recently approved a new single CPT 
code for expanded carrier screening.11,12 This new CPT code 
is expected to take effect January 1, 2019,13 and may improve 
the standardization of billing practices with greater trans-
parency to payers.

Cost Effectiveness
The primary value of expanded carrier screening is to 
inform prospective reproductive partners about their risk of 
passing on serious genetic conditions to their offspring, and 
use this information to guide their plans for family building 
along with their personal values.4 The majority of repro-
ductive couples at risk for passing a serious disease to their 
offspring will alter their reproductive plans.14 Affected births 
and their associated treatment costs can then be avoided.

The cost effectiveness of expanded carrier screening 
has been compared to guideline-based carrier screening.15 
Azimi et al compared the health and economic outcomes 
of expanded carrier screening using NGS technologies 
to either no screening, or conventional carrier screening 
for 14 diseases, recommended by professional societies.15 
Investigators used a decision tree analysis to capture 
patient ethnicity, carrier prevalence for each disorder, 
detection rates, healthcare processes (eg, treatments for 
recessive disorders), patient behaviors and decisions (eg, 

Conventional Carrier Screening Expanded Carrier Screening

Cost per life year gained $33,812 $29,498

Cost for each affected birth avoided $1.33 million $1.14 million

TABLE 1. Cost Effectiveness of Expanded Carrier Screening, Compared With Conventional Carrier Screening of 14 Genetic 
Conditions Recommended by Professional Societies15

Adapted from Azimi M, Schmaus K, Greger V, et al. Carrier screening by next-generation sequencing: health benefits and cost effectiveness. Mol Genet Genomic Med. 
2016;4(3):292-302.  
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use of in vitro fertilization, pregnancy continuation), costs, 
and health utilities.15 Performing a simulation of 1 million 
couples representative of the United States general popula-
tion, investigators found that expanded carrier screening 
results were associated with lower costs for each affected 
birth avoided (Table 1).15

Another health economics study compared an expanded 
carrier screen of 176 conditions to minimal screening 
(cystic fibrosis and spinal muscular atrophy only) and no 
screening.16 The authors estimated that each birth screened 
with expanded carrier screening would prevent about 
$3000 in lifetime medical costs, and this cost effectiveness 
is comparable to standard-of-care screening recommenda-
tions for inherited cancer risk.16 

None of the existing cost effectiveness studies of expanded 
carrier screening have considered the expected increase in 
treatment costs for orphan diseases. In recent years, orphan 
drug approvals for fatal diseases, such as cystic fibrosis, 
have expanded treatment options for affected patients.17 
The average annual cost for orphan drugs are about  
5 times higher than the cost of nonorphan medications.17 In 
2016, the annual cost per patient was estimated to be over 
$140,000 for an orphan drug, compared to less than $28,000 
for a nonorphan medication.17 

An increasing number of new and expensive orphan treat-
ments continue to enter the market.17 Increased availability 
of orphan drugs may increase the lifetime treatment costs 
of recessive genetic conditions, which may further increase 
the economic value of expanded carrier screening.

Another drawback of the available cost effectiveness 
studies is that the cost of follow-up counseling is not explic-
itly included in current models.18 However, some expanded 
screening panel providers offer genetic counseling support 
as a key component of their services.19,20 Payers should 
consider the overall costs when selecting expanded carrier 
screening service providers. This includes costs associated 
with follow-up and genetic counseling.

Patient Perspective
Genetic screening is voluntary.21 Other factors beyond those 
related to costs and insurance coverage may affect the 
acceptance and uptake of expanded carrier screening. Data, 
however, is limited regarding patient interests and percep-
tions in expanded carrier screening.22 

In a qualitative study among anonymous women in 
online chat rooms for pregnant women and women 
trying to conceive, test impact, measurable benefits, 
remedy and action were the predominant patient percep-
tions of a screening test’s clinical utility.23 Other factors 
influencing patient acceptance are the familiarity with 
the specific genetic diseases screened, availability of 
acceptable reproductive options, high perceived bene-
fits, and low perceived social barriers (such as a low risk 

of stigmatization).24 Furthermore, the ease of screening 
procedures has also been reported as a reason to accept 
screening.24 Pretest information overload is perceived 
as undesirable, and women prefer to receive pretest 
information preconceptionally rather than during preg-
nancy, and in the form of a written leaflet prior to a visit 
with a provider.25

Ethical Concerns
Genetic reproductive screening raises potential ethical 
concerns. Fortunately, the best practices in implementa-
tion can mitigate many of these potential ethical issues. 
One area of concern is whether or not valid pretest consent 
can be obtained.26 For expanded carrier screening panels, 
as the number of included diseases increases, obtaining 
valid informed consent prior to testing becomes more 
difficult because of “information overload.”26 A possible 
solution is to obtain generic consent where patients would 
be informed about the general types of possible test results 
and implications.26 The American College of Medical 
Genetics and Genomics (ACMG) has acknowledged the 
necessity and importance of generic consent in expanded 
carrier screening.27 

Another concern is false reassurance.26 A negative 
screening result may provide false reassurance, as residual 
risks are present due to a test’s incomplete sensitivity.26 
Patient misperception may also lead to the assumption 
that pregnancy risks other than those caused by recessive 
diseases will be avoided given a negative screening result.26 

In the case of an insufficiently validated screening panel, or 
patient misunderstanding, couples may make unwarranted 
reproductive decisions (eg, refraining from conceiving chil-
dren) when such actions would not have been necessary.26 

Patient education before and after the genetic screening test 
can decrease occurrences of misunderstanding.

The discovery of one’s own carrier status may have unex-
pected effects on psychological well-being, perceptions 
of health, and feelings of stigmatization.26 Preconception 
screening tests can reduce emotional distress from positive 
results. There is less pressure on the parent to make imme-
diate prenatal testing decisions with less time constraints 
and more reproductive options than screening during preg-
nancy.26 Moreover, as genetic screening tests become more 
common, more people will understand that many individ-
uals are carriers for a small number of genetic variants, and 
this knowledge may decrease anxiety.26 Although members 
of particular subpopulations may feel stigmatized as a 
result of being a disease carrier, pan-ethnic whole-popula-
tion screening may actually decrease stigma26 and reduce 
ethnic-based biases.22 In this respect, expanded carrier 
screening may reduce the risk of stigmatization of certain 
ethnic groups and increase equity.26

Expanded carrier screening enables early diagnosis and 
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treatment.26 It is probable that couples planning pregnan-
cies will consider preimplantation genetic diagnosis for 
treatable disorders.26 Although preimplantation genetic 
diagnosis has focused mainly on decreasing the risk of 
passing on serious conditions, a shift toward the improve-
ment of human traits is theoretically possible, and will have 
ethical implications.28 

Ethical concerns of preconception or prenatal carrier 
screening and the resulting avoidance of the conception 
of affected offspring may impede the search for a cure for 
already affected patients, as the birth prevalence of affected 
children will decrease.26 

Although many ethical concerns have been raised, most of 
them can be addressed by best practices in implementation.

Implementation Barriers and Current Best Practices
Expanded carrier screening is an evolving technology 
and has only recently become available. Implementation 
barriers include the lack of standardization among different 
laboratories, pre- and posttest follow-up management, and 
provider misperceptions.

Technical Barriers
Laboratories offering expanded carrier screening differ in 
the number of conditions tested, methodologies, and result 
interpretation. In a comparison of expanded screening 
panels among 4 laboratories, only 29 of up to 210 screened 
conditions were common among these laboratories.22 
Current laboratories screen for up to 549 diseases, and 
guidelines listing standardized diseases that should be 
included in expanded screening panels are not available.26 
Some expanded screening panels include diseases of mild 
or moderate impact, which may pose challenges in pretest 
counseling and consent.22  

Different laboratories may use varying methodologies 
and approaches in result interpretation.22 Although some 
laboratories test for a predefined list of common genetic 
variants, others test for any variants recognized in the litera-
ture as well as novel variants.22 Testing only for a predefined 
list of variants reduces cost, turnaround time and variant 
interpretation challenges.22 However, detection of a more 
comprehensive list of variants, including novel variants, will 
identify more at-risk couples.22 An increased identification 
of carriers may create clinic workflow concerns.22 Hence, a 
robust variant curation and classification system should be 
followed, so that only pathogenic variants are reported.22

In addition to the National Society of Genetic Counselors, 
the Perinatal Quality Foundation, and the Society for 
Maternal-Fetal Medicine, ACMG and ACOG, issued a 
joint statement regarding expanded carrier screening, 
including recommendations for conditions to be included 
in expanded carrier screening panels and variant interpre-
tation.29 However, this joint statement does not specifically 

recommend a list of conditions to be included or specific 
methodology for variant curation. Moreover, it is standard 
practice to not report variants of uncertain significance 
found by expanded carriers screening to patients. 

Given the current lack of standardization of expanded 
carrier screening panels, some experts have recommended 
that clinicians and payers consider the “bottom line” 
measurement of a screening test’s performance, which is 
the ability of a test to maximize the detection of couples 
at risk of having an offspring affected by a severe disease.22 
This concept of an “at-risk couple rate” in test performance, 
incorporates many important components. These consist 
of the severity of the diseases tested, mutation prevalence, 
and methodology used.22

Pre- and Posttest Management
In addition to technical laboratory challenges, there are 
also practical concerns with the increased frequency of 
identified carriers and the feasibility of adequate pretest 
education and posttest follow-up.22 Traditionally, only a 
limited set of conditions and testing information are to be 
discussed with patients prior to a carrier screening test.22 

On the other hand, expanded carrier screening necessi-
tates the use of a more generalized consent procedure.22 
In a survey of genetic counselors, although the majority 
(92%) state that all patients should receive pretest coun-
seling prior to receiving expanded carrier screening, most 
(67%) agree that trained providers other than genetic 
counselors can conduct pretest counseling. Additionally, 
31% support the use of written or media alternatives for 
pretest counseling.21

Posttest management is of particular concern if the 
disease is unfamiliar.22 Genetic counseling and education 
should be offered for those individuals who receive positive 
results, but patients should also learn about residual risks 
when results are negative.22 

Although screening male and female reproductive part-
ners at the same time can shorten the screening process, 
this approach is costly.22 When an individual is screened 
only after the discovery of the other partner’s carrier status, 
the screening, results delivery, and education should be as 
expedient as possible.22

Based on the current availability of genetic counselors, 
personalized genetic counseling to accompany every posi-
tive result may not be realistic.22 Potential solutions include 
telephonic or online genetic counseling,22 or a combi-
nation of automated notifications, web education, and 
genetic counseling.30 

Provider Misperceptions
In a survey study of women’s healthcare providers, 40.1% 
of respondents reported concerns that genetic test results 
may not remain confidential, and 37% were worried that 
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positive genetic screening results may increase a patient’s 
insurance rates.31 Importantly, the Genetic Information 
Nondiscrimination Act and the Health Insurance Portability 
and Accountability Act offer patient protections by prohib-
iting health insurers from setting premiums or determining 
eligibility based on genetic information.31,32 Continuing 
education is needed to address provider misperceptions 
regarding insurance discrimination and confidentiality of 
test results.31 

Taken together, although expanded carrier screening is 
an evolving new technology, current literature provides 
insights regarding potential best practices for panel selec-
tion, as well as patient pre- and posttest education and 
counseling.22 Research and further developments on opti-
mizing screening panels, pre- and posttest counseling and 
education are expected. 22 Meanwhile, patient decision 
making and preferences, clinical outcomes, and optimal 
and efficient counseling methods are areas for further 
research.22 Provider education can address mispercep-
tions regarding test result confidentiality and insurance 
discrimination.31

The Role of Expanded Carrier Screening in 
Preconception and Prenatal Care
Preconception carrier screening increases a couple’s repro-
ductive choices and autonomy. Moreover, it may allow for 
earlier prenatal diagnosis and expectant management of 
genetic disorders.26 Expanded carrier screening overcomes 
limitations of conventional carrier screening based on 
knowledge of ancestry and family history because all individ-
uals are offered screening for a set of conditions regardless 
of race or ethnicity.29 Although expanded carrier screening 
includes most of the genetic conditions recommended by 
current guidelines, they may include over a hundred genetic 
conditions, many of which are rare.29 The expansive list of 
tested conditions pose implementation challenges due to 
the lack of standardization in panel composition, and pre- 
and post-test counseling and management.  

Although ethical concerns have been raised, most can be 
addressed by best practices in implementation. Importantly, 
several health economics studies suggest that expanded 
carrier screening is more cost effective than conventional 
carrier screening in both cost per each affected birth avoided, 
and cost per life year gained.15,16 Importantly, the majority 
of reproductive couples at risk of transmitting a serious 
condition to their offspring will alter their reproductive deci-
sions,14 suggesting that knowledge of the carrier status is of 
value to patients. 
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