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INSTRUCTIONS FOR USE 
 
The following Coverage Policy applies to health benefit plans administered by Cigna Companies. 
Certain Cigna Companies and/or lines of business only provide utilization review services to clients 
and do not make coverage determinations. References to standard benefit plan language and 
coverage determinations do not apply to those clients. Coverage Policies are intended to provide 
guidance in interpreting certain standard benefit plans administered by Cigna Companies. Please 
note, the terms of a customer’s particular benefit plan document [Group Service Agreement, 
Evidence of Coverage, Certificate of Coverage, Summary Plan Description (SPD) or similar plan 
document] may differ significantly from the standard benefit plans upon which these Coverage 
Policies are based. For example, a customer’s benefit plan document may contain a specific 
exclusion related to a topic addressed in a Coverage Policy. In the event of a conflict, a customer’s 
benefit plan document always supersedes the information in the Coverage Policies. In the absence 
of a controlling federal or state coverage mandate, benefits are ultimately determined by the 
terms of the applicable benefit plan document. Coverage determinations in each specific instance 
require consideration of 1) the terms of the applicable benefit plan document in effect on the date 
of service; 2) any applicable laws/regulations; 3) any relevant collateral source materials including 
Coverage Policies and; 4) the specific facts of the particular situation. Each coverage request 
should be reviewed on its own merits. Medical directors are expected to exercise clinical judgment 
where appropriate and have discretion in making individual coverage determinations. Where 
coverage for care or services does not depend on specific circumstances, reimbursement will only 
be provided if a requested service(s) is submitted in accordance with the relevant criteria outlined 
in the applicable Coverage Policy, including covered diagnosis and/or procedure code(s). 
Reimbursement is not allowed for services when billed for conditions or diagnoses that are not 
covered under this Coverage Policy (see “Coding Information” below). When billing, providers 

https://static.cigna.com/assets/chcp/pdf/coveragePolicies/medical/mm_0447_coveragepositioncriteria_autism_pervasive_developmental_disorders.pdf
https://static.cigna.com/assets/chcp/pdf/coveragePolicies/medical/mm_0447_coveragepositioncriteria_autism_pervasive_developmental_disorders.pdf
https://static.cigna.com/assets/chcp/pdf/coveragePolicies/medical/mm_0447_coveragepositioncriteria_autism_pervasive_developmental_disorders.pdf
https://static.cigna.com/assets/chcp/resourceLibrary/coveragePolicies/categories/genetics.html?
https://www.evicore.com/cigna
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must use the most appropriate codes as of the effective date of the submission. Claims submitted 
for services that are not accompanied by covered code(s) under the applicable Coverage Policy will 
be denied as not covered. Coverage Policies relate exclusively to the administration of health 
benefit plans. Coverage Policies are not recommendations for treatment and should never be used 
as treatment guidelines. In certain markets, delegated vendor guidelines may be used to support 
medical necessity and other coverage determinations. 
 
Overview 
 
This Coverage Policy addresses testing for harmful or likely harmful changes in the genetic 
information of cells that occur in the egg or sperm cell at conception. These changes, also called 
variants, are inherited or passed down through generations by blood relatives. The changes may 
increase a person’s risk or tendency to have a certain disease or disorder.  
 
When a combination of gene changes and other factors influence whether or not a condition 
results in a trait or health condition, it is known as multifactorial. Examples of factors other than 
genes are lifestyle, smoking and the environment. 
 
Several types of testing are discussed in this Coverage Policy, including testing for a single change 
in a gene or part of a gene and testing for multiple changes in a gene or genes. Also discussed are 
tests that measure how a gene is turned on or off, which is referred to as gene expression. Test 
results can help determine how advanced a disease is and the chance of it coming back. Results 
can also help decide on a treatment and how well the condition may, or is responding to 
treatment. 
 
Coverage Policy 
 
Many benefit plans limit coverage of laboratory tests and genetic testing. Please refer to 
the applicable benefit plan language to determine benefit availability and terms, 
conditions and limitations of coverage for the services discussed in this Coverage Policy. 
 
Note: Whole exome or whole genome sequencing for hereditary and multifactorial 
conditions is not included within the scope of this Coverage Policy. Please see the 
Laboratory Management guidelines in the Related Coverage Resources section above for 
criteria related to whole exome and whole genome sequencing. 
 
If coverage for laboratory tests and genetic testing is available and disease- or 
condition-specific criteria for genetic testing are not outlined in a separate policy or 
guideline, the following criteria apply.  
 
Laboratory Testing 
 
Laboratory testing, including genetic testing (proprietary or non-proprietary, individual 
test or panel) is considered medically necessary when ALL of the following criteria are 
met: 
 

• The proposed test or each proposed test in a panel is Food and Drug Administration (FDA)-
approved and/or performed in a Clinical Laboratory Improvement Amendments (CLIA)-
accredited laboratory.  

• The proposed test or each proposed test in a panel is medically necessary for the 
diagnosis(es)/indication(s) listed. 
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• Results of the proposed test or each proposed test in a panel will directly impact clinical 
decision making. 

 
For an out-of-network request to be covered at an in-network benefit level, the proposed test or 
each proposed test in a panel must not be available from an in-network laboratory for the 
indication(s) or diagnoses listed. 
 
-------------------------------------------------------------------------------------------------------- 
 
Single Gene Genetic Testing for Germline Conditions 
 
Single gene genetic testing for a heritable disorder is considered medically necessary 
when EITHER of the following criteria is met: 
 

• Individual demonstrates signs/symptoms of a genetically-linked heritable disease. 
• Individual or fetus has a direct risk factor (e.g., based on family history or pedigree 

analysis) for the development of a genetically-linked heritable disease. 
 
And ALL of the following criteria are met: 
 

• Results will directly impact clinical decision-making and/or clinical outcome for the 
individual being tested. 

• Testing methodology targeting deoxyribonucleic acid (DNA) and/or ribonucleic acid (RNA) 
is considered scientifically valid for identification of a genetically-linked heritable disease 
and is the most appropriate method unless technical limitations (e.g., poor quality sample) 
necessitate the need for alternate testing strategies. 

• If testing guidelines exist, the clinical scenario falls within those recommendations. 
• The clinical benefit of testing outweighs the potential risk of psychological or medical harm 

to the individual being tested. 
 
Genetic testing is not covered or reimbursable for MTHFR variants (CPT code 81291) or 
apolipoprotein E (APOE) (HCPCS code S3852). 
 
Genetic testing or gene mapping in the general population is considered not medically 
necessary. 
 
-------------------------------------------------------------------------------------------------------- 
 
Multigene Genetic Testing Panels 
 
Genetic testing for hereditary conditions using a multigene sequencing panel is 
considered medically necessary when ALL of the following criteria are met: 
 

• results will directly impact medical management of the individual being tested 
• clinical presentation is consistent with a genetic etiology 
• phenotype warrants testing of multiple genes and a relevant differential diagnosis list is 

documented 
• test results may preclude the need for multiple and/or invasive procedures or tests, follow-

up, or screening that would be recommended in the absence of panel testing 
• criteria for multi-gene panel testing is not described elsewhere in this Coverage Policy. 
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Genetic testing for global developmental delay or intellectual disability using a 
multigene sequencing panel is considered medically necessary when EITHER of the 
following criteria is met: 
 

• individual is diagnosed with global developmental delay* following formal assessment by a 
developmental pediatrician or neurologist 

• individual is diagnosed with moderate/severe/profound intellectual disability** following 
formal assessment by a developmental pediatrician or neurologist 

 
*Global developmental delay is defined as significant delay in younger children, under age five 
years, in at least two of the major developmental domains: gross or fine motor; speech and 
language; cognition; social and personal development; and activities of daily living. 
 
**Moderate/severe/profound intellectual disability as defined by Diagnostic and Statistical Manual 
of Mental Disorders (DSM-5) criteria, diagnosed by 18 years of age. 
 
Genetic testing for multifactorial diseases using panels, gene expression classifiers, or 
polygenic risk scores is considered medically necessary when EITHER of the following 
conditions is met: 
 

• individual demonstrates signs/symptoms of a multifactorial disease 
• individual has a direct risk factor (e.g., based on family history or pedigree analysis) for the 

development of a multifactorial disease 
 
And ALL of the following are met: 
 

• the test has been shown to improve clinical outcomes 
• results will directly impact clinical decision-making and clinical outcome for the individual 

being tested 
• presence of genetic variant(s) is highly predictive for the development of the multifactorial 

condition 
 
Genetic screening in the general population is not covered or reimbursable. 
 
-------------------------------------------------------------------------------------------------------- 
 
Genetic Testing for Mitochondrial Disorders 
 
Genetic testing for mitochondrial disorders using ANY of the following types of testing is 
considered medically necessary: 
 

• targeted analysis when a specific mitochondrial disorder is suspected 
• full sequencing and deletion/duplication analysis of mitochondrial DNA 
• multi-gene nuclear DNA panels 
• when ANY of the following criteria are met: 

 an individual has documented unexplained lactic acidosis (e.g., in the absence of 
sepsis, heart failure) 

 an individual has multisystem involvement suggested by exhibiting at least two of the 
following: 

o myopathy 
o abnormal electromyography (EMG) 
o motor developmental delay 
o neurological developmental delay or intellectual disability 
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o speech delay 
o dystonia 
o ataxia 
o presence of gastrointestinal tract (e.g., dysphagia, vomiting, gastroparesis), 

immune or endocrine disease 
o disorders of hearing (e.g., sensorineural hearing loss)  
o disorders of vision (e.g., optic atrophy) 
o growth delay or failure to thrive 
o elevated lactate 
o exercise intolerance and cardiomyopathy 
o ptosis 
o external opthalmoplegia 
o renal tubular acidosis 
o encephalopathy 
o seizures 
o migraine 
o stroke-like episodes 
o peripheral neuropathy 
o sensorineural hearing loss 
o spasticity 
o elevated alanine 
o elevation of Krebs’ cycle intermediates 
o imaging /other Leigh disease 
o lactate peak on MRS Leukoencephalopathy with brainstem and spinal cord 

involvement 
o cavitating leukoencephalopathy 
o leucoencephalopathy with thalamus involvement 
o deep cerebral white matter involvement and corpus callosum agenesis 

 
-------------------------------------------------------------------------------------------------------- 
 
Newborn Screening 
 
Cigna covers newborn screening for genetic disorders (e.g., screening for metabolic, 
endocrine, hemoglobin and other disorders) performed in accordance with state 
mandates. 
 
Health Equity Considerations 
 
Health equity is the highest level of health for all people; health inequity is the avoidable 
difference in health status or distribution of health resources due to the social conditions in which 
people are born, grow, live, work, and age.  
 
Social determinants of health are the conditions in the environment that affect a wide range of 
health, functioning, and quality of life outcomes and risks. Examples include safe housing, 
transportation, and neighborhoods; racism, discrimination and violence; education, job 
opportunities and income; access to nutritious foods and physical activity opportunities; access to 
clean air and water; and language and literacy skills. 
 
General Background 
 
Laboratory Testing 
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Some general principles apply to reimbursement of all laboratory tests. The testing method being 
used must be scientifically validated for each indication for which the test or panel is being 
proposed. Due to the high complexity of genetic tests, the proposed test or each proposed test in 
a panel must be Food and Drug Administration (FDA)-approved and/or performed in a Clinical 
Laboratory Improvement Amendments (CLIA)-accredited laboratory. There are several important 
advantages to a test being CLIA certified, including the test having a higher degree of precision 
and performance by trained laboratory professionals. Tests performed in CLIA-accredited 
laboratories must meet regulatory CLIA standards. The results of each individual test or each test 
in a panel must be clinically useful for the diagnoses or indications for which the test is being 
performed. Further, outcomes must be meaningful, that is, they must directly impact clinical 
decision making and result in improved outcomes for the individual being tested. 
 
Genetic Testing 
 
Disease can result when there is an alteration or pathogenic variant in a DNA sequence which 
causes the cell to produce the wrong protein, or too much or too little of the correct protein. When 
the pathogenic variant occurs in an egg or sperm it is referred to as a germline variant. Germline 
gene variants are inherited; that is, passed down in families by blood relatives. 
 
Some conditions, such as sickle cell disease, are caused by a single germline pathogenic variant. 
Other conditions, such as diabetes and heart disease, are more complex. These complex 
conditions are referred to as multifactorial conditions. Multifactorial conditions are also inherited, 
but may be caused by more than one germline pathogenic variant. The presence of a pathogenic 
variant(s) may increase an individual's risk of developing one of these conditions; however, a 
combination of genetic and environmental factors such as nutrition, exercise, weight, smoking, 
drinking alcohol, and medication use may influence the observable characteristics of the condition. 
 
Genetic testing involves the analysis of human deoxyribonucleic acid (DNA), ribonucleic acid 
(RNA), chromosomes, proteins, and certain metabolites in order to detect alterations or changes 
related to an inherited disorder. Types of genetic testing used to identify germline pathogenic 
variant(s) that cause hereditary and multifactorial conditions include single gene testing, targeted 
analysis, and multigene sequencing panels. The test must have clinical utility. Clinical utility refers 
to the usefulness of the test to impact health outcomes and treatment.  
 
The National Human Genome Research Institute Task Force on Genetic Testing (NHGRI) 
recommended the following underlying principles to ensure the safety and effectiveness of genetic 
tests (Holtzman and Watson, 1998): 
 

• The genotypes to be detected by a genetic test must be shown by scientifically valid 
methods to be associated with the occurrence of a disease, independently replicated and 
subject to peer review. 

• Analytical sensitivity and specificity of a genetic test must be determined before it is made 
available in clinical practice. 

• Data to establish the clinical validity of genetic tests (clinical sensitivity, specificity, and 
predictive value) must be collected under investigative protocols. In clinical validation, the 
study sample must be drawn from a group of subjects representative of the population for 
whom the test is intended. Formal validation for each intended use of a genetic test is 
needed. 

• Before a genetic test can be generally accepted in clinical practice, data must be collected 
to demonstrate the benefits and risks that accrue from both positive and negative results. 
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Genetic testing may be used to aid in diagnosis or confirmation of a disorder in a symptomatic 
individual (i.e., diagnostic or confirmatory testing), to predict risk of future disease in an 
asymptomatic individual (i.e., predictive testing), to allow reproductive planning (i.e., reproductive 
carrier testing), prenatal testing of a fetus, preimplantation genetic diagnosis, and newborn 
screening. The scope of this policy includes diagnostic and confirmatory, single or multigene 
testing for hereditary and multifactorial conditions.  
 
Single Gene Genetic Testing for Germline Conditions 
 
Single gene germline genetic testing is frequently performed to diagnose or confirm the presence 
of a disease-causing pathogenic or likely pathogenic variant and may be appropriate if an 
individual demonstrates characteristics of a genetically-linked heritable disease or has a direct risk 
factor for the development of the specific disease in question. Diagnostic testing may also be 
performed to help determine the course of a disease or choice of treatment. Genetic testing for a 
number of genetically linked heritable conditions is supported by various professional society 
guidelines. 
 
Methylenetetrahydrofolate Reductase (NAD(P)H) (MTHFR) Gene Variants 
Polymorphisms in the MTHFR gene have been associated with an increased risk of homocystinuria, 
and studied as a possible risk factor for a number of other conditions such as heart disease, 
stroke, preeclampsia, glaucoma, cleft palate, and certain psychiatric conditions. Increased levels 
of homocysteine have also been associated with an increased risk of thromboembolism (Genetics 
Home Reference [GHR], 2019). Although MTHFR has been associated with increased risk of 
homocystinuria; genetic testing is not indicated because these variants are not associated with 
thromboembolism (Hickey, et al., 2013). 
 
MTHFR variants have also been associated with an increased risk of neural tube defects, such as 
anencephaly or spina bifida. The 677C>T variant is the most commonly studied. This involves a 
change in a single deoxyribonucleic acid (DNA) nucleotide in the MTHFR gene, which produces a 
form of MTHFR that has reduced activity at higher temperatures (i.e., thermolabile). Individuals 
with the thermolabile form of the enzyme have increased blood levels of homocysteine. It is 
estimated that over 25% of individuals of Hispanic origin and 10-15% of North American 
Caucasians are homozygous for this variant (Hickey, et al., 2013). 
 
U.S. Food and Drug Administration (FDA): The FDA has granted 510(k) clearance to several 
genomic DNA in vitro diagnostic tests for MTHFR mutation, including Invader MTHFR 677 and 
Invader MTHFR 1298 (Hologic, Inc., 2011, Marlborough, MA), eSensor MTHFR Genotyping Test 
(Osmetech Molecular Diagnostics, 2010, Pasadena, CA), and Verigene MTHFR Nucleic Acid Test 
(Nanosphere, Inc., 2007, Northbrook, IL). 
 
Literature Review: Although there are a number of observational studies in the published peer-
reviewed scientific literature regarding the association of MTHFR variants and increased risk of 
homocystinuria, neural tube defects and other conditions, randomized control data are limited. 
Evidence to demonstrate the impact of genotyping on improved health outcomes, including 
disease management, is also limited. 
 
Several variants of the MTHFR gene have been associated with increased risk of developing a 
number of conditions; however, its role in these conditions has not been established (GHR, 2019; 
Hickey, et al., 2013). There is insufficient evidence in the published peer-reviewed scientific 
literature to determine the clinical utility of MTHFR genetic testing and its impact on net health 
outcomes. Professional society consensus support for MTHFR genotyping is limited. At this time 
the role of genetic testing for MTHFR has not been established. 
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Tsai et al. (2009) reported results of a longitudinal cohort analysis of participants (n=1434) of the 
CARDIA study. DNA was extracted from the peripheral leukocytes of blood collected from each 
participant. MTHFR 677C.T genotype was determined using selective amplification. The mean of 
serum B vitamins and tHcy concentrations and the prevalence of folate deficiency and moderate 
hyperhomocysteinemia were compared in 844 Caucasian and 587 African American participants 
before folic acid fortification (year zero and year seven) and after fortification (year 15). 
Mandatory folic acid fortification as initiated by the U.S. government in 1998 improved the 
nutritional status of folate in both Caucasians and African Americans, with an approximate three-
fold increase in folate concentrations at year 15 compared with year zero. The authors used the 
sensitivity and specificity of MTHFR 677C.T genotyping to predict elevated tHcy concentrations 
using various tHcy cutoffs to define hyperhomocysteinemia. The authors concluded that after folic 
acid fortification in the U.S., measurement of tHcy rather than genotyping of MTHFR 677TT should 
be used as the primary assay for the diagnosis and monitoring of moderate 
hyperhomocysteinemia. 
 
Apolipoprotein E (APOE) Gene Variants 
Genetic testing for apolipoprotein-E epsilon (APOE) testing has been proposed as a means to 
provide additional risk information for those patients currently identified as low- or intermediate-
risk for cardiovascular disease by standard lipoprotein testing and risk factor assessment. APOE 
controls the metabolism of the highly atherogenic apolipoprotein B (apo B) containing lipoproteins. 
It is a protein constituent of VLDL and chylomicrons. The APOE gene provides instructions for 
making Apo E; Apo E binds to the cell surface receptors to form molecules called lipoproteins. 
However, there is no uniform standard for analyzing the relationship of APOE genotypes or 
phenotypes to cardiovascular disease (CVD) risk. At this time, genotype-phenotype correlations 
are incompletely understood (Bird, 2018). 
 
Genetic testing for APOE has also been proposed as a means to diagnose or predict susceptibility 
to early- and late-onset Alzheimer's disease (AD). At least three different alleles of APOE epsilon 
have been identified: APOE epsilon-2 (APOE e2), APOE epsilon-3 (APOE e3) and APOE epsilon-4 
(APOE e4). APOE is a susceptibility polymorphism; the presence of one or two e4 alleles increases 
the risk but does not guarantee that someone will develop AD. Neuropathologic findings of beta-
amyloid plaques and intraneuronal neurofibrillary tangles on autopsy examination remain the gold 
standard for diagnosis of AD (Bird, 2018). Clinical diagnosis prior to autopsy confirmation is made 
by use of diagnostic testing. Recommendations by the National Institute of Neurological and 
Communicative Diseases and Stroke and the Alzheimer’s Disease and Related Disorders 
Association ([NINCDS-ADRDA]) criteria were published by McKhann et al. (2011), on behalf of the 
National Institute on Aging and the Alzheimer’s Association. These criteria correctly diagnose the 
disease 80%-90% of the time. 
 
The role of APOE in late-onset AD is a topic of research interest. The APOE e4 genotype is found in 
many elderly persons without dementia and about 42% of persons with late-onset AD do not have 
an apolipoprotein-E (APOE) epsilon-4 allele. The absence of this allele does not rule out the 
diagnosis of Alzheimer’s disease, however the association of the APOE e4 allele with AD is 
significant. Nevertheless, APOE genotyping is neither fully specific nor sensitive. Additional genes 
and loci under investigation include ABCA7, AKAP9, BIN1, CASS4, CD2AP, CD33, CLU, EPHA1, 
FERMT2, HLA-DRB5/DRB1, INPP5D, MEF2C, MS4A6A/MS4A4E, PICALM, PLD3, PTK2B, SORL1, and 
UNC5C (Bird, 2018). 
 
There is insufficient evidence in the peer-reviewed, scientific literature to support the use of APOE 
testing for the screening, diagnosis or management of cardiovascular disease or Alzheimer’s 
disease (AD). APOE genotyping does not reduce the risk of developing Alzheimer’s disease, 
change the clinical treatment, or substantially modify disease progression in individuals with 
Alzheimer’s disease. 
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U.S. Food and Drug Administration (FDA): In 2020, the FDA granted 510(k) clearance for the 
over-the-counter, direct-to-consumer Helix Genetic Health Risk App for Late-Onset Alzheimer’s 
Disease (Helix OpCo, LLC, 2020, Toronto, Canada). The manufacturer claims that the test reports 
the lifetime risk of developing Alzheimer’s disease at or above age 65 years based on six 
genotypes of the APOE gene. The predicate test for this approval was the 23andMe PGS Genetic 
Health Risk Report for Late-onset Alzheimer’s Disease (23andMe, 2017, Sunnyvale, CA), which 
reported on the e4 variant only. Potential users of either test are advised that the tests are not 
diagnostic, do not detect all genetic variants associated with late-onset Alzheimer’s disease, and 
that an individual’s race, ethnicity, age, and/or sex may affect result interpretation.  
 
Literature Review: The Agency for Healthcare Research and Quality (AHRQ) identified 15 cohort 
studies involving 8509 subjects that examined the association between APOE and the risk of 
cognitive decline. Various studies reported that APOE epsilon-4 (e4) was associated with greater 
decline on some, but not all, cognitive measures. Presence of an APOE e4 allele was not, however, 
significantly different in those who maintained cognitive performance compared to those with 
minor declines (Williams, et al., 2010). 
 
Tsuang et al. (1999) prospectively evaluated APOE testing for AD in a community-based case 
series of 132 persons with no previous diagnosis of dementia. Clinical diagnosis yielded a 
sensitivity of 84%, specificity of 50%, and positive and negative predictive values of 81% and 
56%, respectively. Neuropathologic AD was confirmed in 94 of 132 patients, with a prevalence of 
71%. The presence of an APOE epsilon-4 allele was associated with an estimated sensitivity of 
59%, specificity of 71%, and positive and negative predictive values of 83% and 41%, 
respectively. The authors noted that findings do not support the use of APOE genotyping alone in 
the diagnosis of AD in the general medical community. In a neuropathologically confirmed series, 
the addition of APOE testing increased the positive predictive value of a diagnosis of AD from 90% 
to 94%. In those patients with a clinical diagnosis of non-Alzheimer’s dementia the absence of an 
APOE e4 allele increased the negative predictive value from 64% to 72% (Waldemar, 2007). 
 
Gene Expression Profiling for Cardiovascular Disease Risk: Gene expression is a process by 
which a gene's coded information is translated into the structures present and operating in the cell 
and has been investigated as a diagnostic tool for evaluating individuals with cardiovascular 
disease. 
 
U.S. Food and Drug Administration (FDA): While many genetic and genomic tests are 
regulated by the FDA, laboratory developed tests (i.e., in vitro diagnostic tests that are designed, 
manufactured and used within a single laboratory) go to market without independent analysis. 
One such example was the Corus CAD Assay from CardioDx Inc. (Palo Alto, CA), which was 
proposed as a quantitative gene expression test intended to rule out coronary artery disease 
(CAD) in stable, nondiabetic individuals. However in 2019, a Medicare Local Coverage Decision of 
non-coverage was issued, stating “the manufacturer has failed to demonstrate that testing 
resulted in improved patient outcomes or that testing changed physician management to result in 
improved patient outcomes”, (CMS, 2021). The test is no longer commercially available. 
 
Literature Review: Although there are some data in the published, peer-reviewed scientific 
literature evaluating risk factors as a method of assessing cardiovascular disease, the added value 
beyond that associated with traditional testing has not been firmly established. Consensus support 
from professional societies/organizations in the form of published guidelines is lacking. The impact 
of genetic testing on meaningful clinical outcomes such as morbidity and mortality has not yet 
been clearly defined. 
 



Page 10 of 31 
Medical Coverage Policy: 0052 

Evidence in the published peer-reviewed scientific literature evaluating gene expression testing for 
determining cardiovascular disease risk (e.g., Corus CAD) is limited to prospective validation 
studies and case control studies (Filsoof, et al., 2015; Ladapo, et al., 2015; Daniels, et al., 2014; 
McPherson, et al., 2013; Thomas, et al., 2013; Vargas, et al., 2013; Lansky, et al., 2012; 
Rosenberg, et al., 2012; Elashoff, et al., 2011; Rosenberg, et al., 2010; Wingrove, et al., 2008). 
Wingrove et al. (2008) and Elashoff et al. (2011) evaluated genes associated with CAD as part of 
the development of the gene expression assay algorithm for assessing CAD in nondiabetic 
patients.  
 
Herman et al. (2014) published the results of a prospective clinical trial (n=261) to evaluate the 
impact of GES testing on reduction of diagnostic uncertainty in the evaluation of subjects 
presenting with symptoms suggestive of obstructive CAD. The trial is referred to as the “Primary 
Care Providers Use of a Gene Expression Test in Coronary Artery Disease Diagnosis (IMPACT-
PCP)" trial. Subjects were nondiabetic patients presenting with stable, nonacute typical and 
atypical symptoms of obstructive CAD. Ten subjects were excluded, primarily due to GES 
exclusion criteria. Preliminary clinical decisions without GES results were made by the primary 
care physician and compared to final decisions made with the GES results. Primary outcomes 
included the change in patient management between preliminary and final decisions; secondary 
outcomes included assessment of the pattern of change for each patient, including the effect the 
change had on patient outcomes. The average pretest probability of obstructive CAD was 28 ± 
17%. There was a change in diagnostic plan in 145 subjects with 93 having a reduction in 
intensity of testing (p<0.001). GES was not associated with untoward outcomes within the first 30 
days follow-up; one major adverse cardiac event occurred within the 30 day period. GES testing in 
this study group allowed physicians to reclassify subjects for subsequent testing. Limitations of the 
study included sample population of nondiabetic subjects, and short-term follow-up of 30 days for 
monitoring of adverse events. 
 
Ladapo et al. (2014) published the results of the REGISTRY trial which was a prospective, 
multicenter observation registry of data collected regarding utilization of health care services for 
subjects who underwent GES testing at seven primary care sites. Following GES testing, medical 
assessments of the subjects were followed for 45 days to determine how clinicians managed the 
subjects (e.g., cardiology referrals, cardiac stress tests, angiography). Primary outcomes included 
the 45 day assessment outcomes, in addition to six-month follow up for evaluating major cardiac 
adverse events. The GES showed statistically significant relationships with patterns of cardiac 
referrals; subjects with a low GES had 94% decreased odds of referral versus subjects with an 
elevated GES. The overall major adverse cardiac event rate was 5/339 during the follow-up 
period. Ladapo and colleagues concluded GES had an effect on patient management that was 
clinically relevant, and the test was safe as evidenced by a low major cardiac adverse cardiac 
event rate. The study was limited by lack of a control group. 
 
McPherson et al. (2013) evaluated the impact of gene expression testing on disease management 
by a group of cardiology specialists. The results of this study (n=88) demonstrated that subjects 
with low gene expression scores (i.e., ≤ 15) were more likely to have a decrease in the intensity 
of diagnostic testing. In addition, patients with elevated levels were more likely to undergo 
additional testing for the evaluation of obstructive CAD. Limitations of this study include small 
sample population, evaluation of short term outcomes (six months), and inclusion criteria of low 
risk individuals. 
 
Thomas et al. (2013) reported the results of a prospective, multicenter, double blind trial 
evaluating gene expression as a method to assess obstructive CAD (n=431) (COMPASS study). 
The study population consisted of a cohort of subjects referred for diagnostic myocardial perfusion 
imaging (MPI) stress testing with angina or angina equivalent symptoms. The subjects had blood 
samples for gene expression obtained prior to MPI and based on MPI results were referred for 
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either invasive coronary angiography or CT angiography. The subjects were followed for six 
months with a study end point of a major adverse cardiac event. Angiography results were 
compared to GES and MPI results. GES was significantly correlated with maximum percent 
stenosis (≥ 50). Negative predictive value, sensitivity and specificity were reported at 96%, 89% 
and 52%, respectively. In the authors’ opinion gene expression scoring was more predictive of 
obstructive CAD compared to MPI and other clinical factors. Limitations noted by the authors 
included potentially lower disease prevalence in the subjects due to inclusion/exclusion criteria, 
and lack of comparison of GES scores to other noninvasive imaging modalities. 
 
Rosenberg and colleagues published results of the PREDICT trial (Personalized Risk Evaluation and 
Diagnosis in the Coronary Tree) in 2010, a trial designed to validate the diagnostic accuracy of 
gene expression, and reported sensitivity and specificity were 85% and 43% respectively. The 
authors noted the algorithm score was moderately correlated with maximum percent stenosis 
(p<0.001). 
 
As a follow-up to the 2010 trial, Rosenberg and associates (2012) reported on the relation of gene 
expression testing to major adverse cardiovascular events and revascularization procedures. The 
study group involved an extended cohort of the PREDICT trial which included the validation cohort 
(n=526) as well as the algorithm development cohort (n=640). Subjects underwent angiography 
and gene expression testing and were followed for one year post angiography. The study endpoint 
was major adverse cardiac event or procedures. At one year the endpoint rate was 25% overall 
for all subjects. The gene expression score (GES) was associated with composite overall endpoint 
of both major events and procedures at one year (p<0.001) and at 12 months the sensitivity and 
specificity were 86% and 41% respectively. Elevated GES scores (>15) trended towards an 
increased rate of adverse events and procedures. The authors noted study limitations included 
limited follow-up period post index angiography, and exclusion of individuals with high risk 
unstable angina and low risk asymptomatic subjects. Further studies with larger cohorts and 
evaluation of longer term outcomes are needed. 
 
Multigene Germline Genetic Testing Panels  
 
Overall, the clinical utility of genetic testing is dependent upon the particular phenotype or 
observable characteristics of a disease and set of genes being tested. Similar to genetic testing for 
single genes, smaller, more targeted panels to assess for a particular disorder may have clinical 
utility when used to aid in diagnosis of heterogeneous genetic conditions. As with single gene 
testing, results of testing should directly impact clinical management and improve clinical 
outcomes for the individual being tested. Test results may preclude the need for additional tests, 
follow up or screening that would be recommended if panel testing is not performed. Additional 
advantages of panel testing include possible time and cost effectiveness as compared with the 
time and cost of analyzing each gene separately. The role of panel testing has not been 
established when treatment is largely supportive and/or results of testing will not result in a direct 
change in clinical management of the individual or lead to an improvement in clinical outcomes. 
 
Most multi-gene panels use next-generation sequencing (NGS) methodology, but some still use 
Sanger sequencing. Next generation sequencing technology allows large amounts DNA to be 
sequenced rapidly at a much lower price than prior sequencing methods. The evolution of this 
technology has spurred the development of tests that sequence multiple genes simultaneously. 
Such testing is expected to enable widespread evaluation of patients’ genomes in the clinical 
setting (Taber, et al., 2014). Multigene test panels range from small to large numbers of genes. 
For testing of multifactorial conditions, testing panels may include gene expression classifier and 
polygenic risk score tests. 
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A polygenic risk score (PRS) is an assessment of a person’s risk of developing a specific condition 
based on the collective influence of many genetic variants. A PRS may only explain a person’s 
relative (not absolute) risk for a disease, as the data used for generating a PRS comes from large-
scale genomic studies. Approximately 79% of participants in genome-wide association studies are 
of European descent, despite comprising only 16% of the global population. Thus, there may not 
be adequate data about genomic variants from other populations to calculate a PRS in those 
populations. There is currently limited generalizability of genetic risk scores across diverse 
populations (NHGRI, 2020; Martin, et al., 2019). The American College of Medical Genetics and 
Genomics (ACMG) cautions the use of these tests, noting that genetic studies on complex traits 
and disease susceptibility is an "inexact science" (ACMG, 2021). 
 
Mitochondrial Disorders 
 
Mitochondrial disorders have significant genetic heterogeneity involving numerous variants in 
nuclear DNA or mitochondrial DNA (mtDNA)), clinical variability and variation in disease onset with 
many nonspecific symptoms which may be common in the general population. No specific sign, 
symptom or biochemical marker may be specifically characteristic or indicative of a particular 
disease or condition. Recommendations for testing are available by several professional societies, 
including the Mitochondrial Medical Society, the Association for Clinical Genomic Science and the 
European Academy of Neurology, National Institute of Neurological Disorders and Stroke. 
 
Witters et al. (2018).  reassessed mitochondrial diagnostic criteria in the genomics era 
emphasizing its utility in the diagnostic workup and interpretation of molecular testing results; 
however, they emphasized the importance of molecular analysis for individuals with lower scores 
(≥2). LOE: 5. DNA testing for mitochondrial disease through next-generation sequencing (NGS) 
has emerged as the new gold standard methodology for mtDNA genome sequencing based on 
improved reliability and sensitivity (Parikh et al., 2015). NGS should be considered as first-line 
testing for analysis of the mitochondrial genome in blood or urine. Additionally, individuals who 
had negative mtDNA testing in blood but still have a high clinical suspicion for the condition should 
have mtDNA assessed in another tissue (Parikh, 2015). 
 
Nearly 300 nuclear genes have been associated with mitochondrial disease (Craven et al., 2017). 
Thus, two approaches to molecular testing have emerged for individuals with clinical suspicion for 
mitochondrial disease due to multisystem involvement: targeted mtDNA and/or nDNA testing, 
with additional follow-up testing if negative; or broader testing via whole exome sequencing 
(WES) or whole genome sequencing (WGS) (Mavraki, et al., 2023; Parikh, et al., 2015). Targeted 
testing may be particularly useful when the differential diagnosis is clear based on phenotype 
and/or biochemical testing, while WES or WGS may be especially considered for more complex 
phenotypes (Mavraki, et al., 2023). Given that mitochondrial diseases may be due to variants in 
mtDNA or nuclear DNA, simultaneous mtDNA and nDNA testing may be prudent when possible 
(Mavrak,i et al., 2023). Genetic testing is not recommended for an individual with hypermobile 
Ehlers Danos syndrome alone. 
 
U. S. Food and Drug Administration (FDA): Laboratory tests are available for mitochondrial 
disease, the majority many of which are proprietary laboratory-developed tests. These are not 
approved, cleared or otherwise regulated by the FDA. Tests must be Clinical Laboratory 
Improvement Amendments (CLIA) approved or waived. 
 
Multigene Panel Testing in Global Developmental Delay and Intellectual Disability 
Developmental delay, intellectual disability, and related phenotypes affect 1–2% of children and 
may pose medical, financial, and psychological challenges for the individual and family. Standard 
clinical genetic testing for developmental delay and intellectual disability includes karyotype, 
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microarray, Fragile X, single gene, gene panel, and/or mitochondrial DNA testing (Bowling, et al., 
2017; Mithyantha, et al., 2017; Moeschler, et al., 2014). 
 
Global developmental delay (GDD) is significant delay affecting children under five years of age, in 
at least two or more of the major developmental domains: gross or fine motor; speech/language; 
cognition; social/personal development; and activities of daily living. Children with GDD present 
with delays in achieving developmental milestones at the anticipated age. This implies deficits in 
learning and adaptation, which in turn suggests that the delays are significant and may predict 
future intellectual disability (Moeschler, et al., 2014). 
 
Intellectual disability (ID) is a neurodevelopmental disorder that begins in childhood and is 
characterized by intellectual difficulties as well as difficulties in conceptual, social, and practical 
areas of living. The Diagnostic and Statistical Manual of Mental Disorders (DSM-5), published by 
the American Psychiatric Association, requires three criteria for a diagnosis of ID: 
 

• deficits in intellectual functioning (reasoning, problem solving, planning, abstract thinking, 
judgment, academic learning, and learning from experience), confirmed by clinical 
evaluation and individualized standard intelligence testing 

• deficits in adaptive functioning that significantly hamper conforming to developmental and 
sociocultural standards for the individual's independence and ability to meet their social 
responsibility 

• onset of these deficits during childhood 
 
ID may be further classified as mild, moderate, severe, or profound. The designation depends 
upon the degree of impairment in an individual’s daily living skills, conceptual developmental, and 
social development; and level of support needed (National Academies of Sciences, Engineering, 
and Medicine, 2015). Characteristics of each classification may include (Badesch, 2021): 
 

• Mild: Able to live independently with minimum levels of support; difficulties in learning 
academic skills; impaired abstract thinking, executive functioning, and short-term memory; 
concrete approach to problems and solutions; immature in social interactions; possible 
difficulty in regulating emotion; limited understanding of risk in social situations 

• Moderate: Independent living may be achieved with moderate levels of support, such as 
those available in group homes; conceptual skills markedly delayed; needs daily assistance 
to complete conceptual tasks of day-to-day life; needs support for all use of academic 
skills; decision-making abilities are limited, needs caregivers to assist with personal life 
decisions; may misinterpret social cues; marked differences from peers in social and 
communicative behavior 

• Severe: Requires daily assistance with self-care activities and safety supervision; 
caregivers provide extensive support for problem-solving; attainment of conceptual skills is 
limited; poor understanding of written language and/or certain concepts involving 
numbers, time, quantity; limited spoken vocabulary and grammar; simple speech; possible 
speech augmentive device; understands simple speech and gestural communication 

• Profound: Requires 24-hour care and close supervision with self-care activities; often will 
have congenital syndromes; sensory and physical impairments may limit social activities; 
very limited communication, largely nonverbal; may understand some simple instructions 
or gestures; conceptual skills involve the physical world; very limited understanding of 
symbolic communication; may use objects purposefully; may obtain some visuospatial 
skills 

 
In 2021, the American College of Medical Genetics and Genomics (ACMG) published a practice 
guideline for exome and genome sequencing for pediatric patients with congenital anomalies or 
intellectual disability. The guideline recommended whole exome sequencing as a first- or second-
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tier test for children with congenital anomalies, developmental delay, and/or ID. Additionally, 
ACMG noted that panel testing for a specific phenotype is often considered as an alternative to 
exome testing. Isolated autism (i.e., autism without intellectual disability or congenital 
malformation) was out of scope for the ACMG recommendation (Manickam, et al., 2021). 
 
For discussion of whole exome sequencing in the diagnosis of global developmental delay and 
intellectual disability, please see Cigna Coverage Policy 0519 Whole Exome and Whole Genome 
Sequencing. 
 
Newborn Screening 
 
Newborn screening is performed to limit the morbidity and mortality attributable to selected 
inherited diseases (American Academy of Pediatrics ([AAP], 2013). Newborn screening programs 
are organized through state governments and are generally mandated. According to the March of 
Dimes (2020), screening is available for disorders in which accurate diagnosis and early treatment 
of the disorder can improve health outcomes. Some genetic screening tests are not DNA- or 
chromosome-based tests but use biochemical markers or phenotypic features. 
 
Each year, over four million infants in the U.S. undergo screening, and approximately 12,900 
infants are diagnosed with one of the 35 core conditions included in the panel. The most prevalent 
disorders are hearing loss, primary congenital hypothyroidism, sickle cell disease, and cystic 
fibrosis (Sontag, et al., 2020). 
 
Professional Societies/Organizations 
 
Genetic Testing for Alzheimer’s Disease (including APOE) 
 
American Academy of Neurology (AAN): The Quality Standards Subcommittee of the AAN 
updated an earlier practice parameter for the diagnosis of dementia in the elderly. Regarding 
Alzheimer’s disease (AD), this evidence-based review concluded that there are no laboratory tests, 
including APOE genotyping or other genetic markers or biomarkers, which are appropriate for 
routine use in the clinical evaluation of patients with suspected AD. However, genotyping and 
biomarkers, as well as imaging, are promising avenues that are being pursued (Knopman, et al., 
2004). 
 
American Psychiatric Association (APA): The 2007 practice guidelines for the treatment of 
patients with Alzheimer’s disease and other dementias noted that a definitive diagnosis of AD 
requires both the clinical syndrome and microscopic examination of the brain at autopsy, at which 
time the characteristic plaques and neurofibrillary tangles widely distributed in the cerebral cortex 
will be seen. A careful clinical diagnosis of disease conforms to the pathological diagnosis 70%–
90% of the time. Further, the guideline noted that, although genes involved in a variety of 
dementia syndromes have been identified and family members of patients with dementia are often 
concerned about their risk of developing dementia, genetic testing is generally not part of the 
evaluation of patients with dementia except in very specific instances. In particular, testing for 
apolipoprotein E4 (APOE4) is not recommended for use in diagnosis. The presence of an APOE4 
allele does not change the need for a thorough workup and does not add substantially to 
diagnostic confidence. 
 
National Institute on Aging (NIA): In 2019, the NIA published a fact sheet noting that 
although a blood test can identify which APOE alleles a person has, it cannot predict who will or 
will not develop Alzheimer’s disease. Per the NIA, it is unlikely that genetic testing will ever be 
able to predict the disease with 100% accuracy because too many other factors may influence its 
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development and progression. Further, the NIA noted APOE testing is used in research settings to 
identify study participants who may have an increased risk of developing Alzheimer’s. 
 
National Institute on Aging/Alzheimer’s Association: The NIA/AA issued consensus 
recommendations regarding the diagnosis of AD. For probable AD dementia in a carrier of a 
causative genetic mutation the recommendations note that in persons who meet the core clinical 
criteria for probable AD dementia, evidence of a causative genetic mutation (in APP, PSEN1, or 
PSEN2), increases the certainty that the condition is caused by AD pathology. Carriage of the 3/4 
allele of the apolipoprotein E gene is not sufficiently specific to be considered in this category 
(McKhann, et al., 2011). 
 
National Society of Genetic Counselors (NSGC)/American College of Medical Genetics 
and Genomics (ACMG): On behalf of the NSGC/ACMG, Goldman et al. (2018) published 
consensus practice guidelines for genetic counseling and testing for AD. The Guidelines 
recommend that pediatric testing for AD should not occur. Additionally, the Societies stated that 
direct-to-consumer APOE testing is not advised. 
 
The Guidelines noted that a risk assessment should be performed by pedigree analysis to 
determine whether the family history is consistent with early-onset Alzheimer’s disease (EOAD) or 
late-onset Alzheimer’s disease (LOAD) and with autosomal dominant (with or without complete 
penetrance), familial, or sporadic inheritance. Patients should be informed that currently there are 
no proven pharmacologic or lifestyle choices that reduce the risk of developing AD or stop its 
progression. The Guidelines also noted: 
 
For families in which an autosomal dominant AD gene mutation is a possibility: 
 

• Testing for genes associated with early- onset autosomal dominant AD should be offered in 
the following situations: 

 
 a symptomatic individual with EOAD in the setting of a family history of dementia or 

in the setting of an unknown family history (e.g., adoption) 
 autosomal dominant family history of dementia with one or more cases of EOAD 
 a relative with a mutation consistent with EOAD (currently PSEN1/2 or APP) 
 Ideally, an affected family member should be tested first. If no affected family 

member is available for testing and an asymptomatic individual remains interested 
in testing despite counseling about the low likelihood of an informative result (a 
positive result for a pathogenic mutation), he/she should be counseled according to 
the recommended protocol. If the affected relative, or their next of kin, is 
uninterested in pursuing tested, the option of deoxyribonucleic acid (DNA) banking 
should be discussed. 

 
For families in which autosomal dominant AD is unlikely: 
 

• Genetic testing for susceptibility loci (e.g., apolipoprotein-E [APOE]) is not clinically 
recommended due to limited clinical utility and poor predictive value. 

 
Genetic Testing for Cardiac Disease Risk 
 
American Academy of Family Physicians (AAFP): The AAFP recommends against genomics 
profiling to assess risk for cardiovascular disease, stating “the net health benefit from the use of 
any genomic tests for the assessment of cardiovascular disease risk is negligible and there is no 
evidence that they lead to improved patient management or increased risk reduction” (AAFP, 
2012). 
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American College of Cardiology Foundation (ACCF) /American Heart Association (AHA) 
Task Force on Practice Guidelines: Greenland et al. (2010) published guidelines which note 
that genotype testing for CHD risk assessment in asymptomatic adults is not recommended. The 
task force noted that there is currently no proven benefit in risk assessment when genomic testing 
is added to the basic global risk assessment, such as Framingham. There is no data to support 
results of genotype testing alter management and improve clinical outcomes. 
 
The task force conducted a systematic review of the scientific evidence (March 2008 – April 2010) 
and used evidence based methodologies to weigh the evidence which was reviewed. Level A 
evidence represented data from multiple randomized controlled trials or meta-analyses, level B 
evidence was data from a single RCT or nonrandomized trial, and level C evidence represented 
consensus opinion, case studies or standard of care. The recommendations were approved and 
endorsed by the ACCF, AHA, American Society of Echocardiography, American Society of Nuclear 
Cardiology, Society of Atherosclerosis Imaging and Prevention, Society of Cardiovascular 
Computed Tomography, and Society for Cardiovascular Magnetic Resonance. The American 
College of Cardiology Foundation (ACCF) and the American Heart Association (AHA) published 
guidelines for assessment of cardiovascular risk in asymptomatic individuals (i.e., apparently 
healthy adult) (Greenland, et al., 2010). The guidelines did not support genotype testing (level B 
evidence) or measurement of lipid parameters such as lipoproteins, apolipoproteins, particle size 
and density, beyond the standard fasting lipid profile (level C evidence), or natriuretic peptide 
testing (level B evidence). 
 
Updated ACC/AHA guidelines on the assessment of cardiovascular risk (Goff, 2013) do not address 
genetic testing to determine cardiovascular risk. 
 
Evaluation of Genomic Applications in Practice and Prevention (EGAPP, 2010): The 
working group concluded there was insufficient evidence to determine analytic validity, clinical 
validity, or clinical utility for gene expression testing for determining cardiovascular risk. 
 
Genetic Testing for Methylenetetrahydrofolate Reductase (NAD(P)H) (MTHFR) 
Polymorphisms 
 
American College of Medical Genetics and Genomics (ACMG): The reaffirmed ACMG practice 
guideline on the lack of evidence for MTHFR polymorphism testing noted (Bashford, et al., 2020): 
 

• MTHFR polymorphism genotyping should not be ordered as part of the clinical evaluation 
for thrombophilia or recurrent pregnancy loss 

• MTHFR polymorphism genotyping should not be ordered for at-risk family members 
 
American College of Obstetricians and Gynecologists (ACOG): ACOG (2018) does not 
endorse testing for MTHFR polymorphisms for routine risk assessment, evaluation of thrombosis 
risk, or recurrent pregnancy loss. 
 
Genetic Testing for Mitochondrial Disease 
 
Mitochondrial Medical Society, (2015): The Mitochondrial Medicine Society published the 
following consensus recommendations on genetic testing for mitochondrial disorders: 
 

• Massively parallel sequencing/NGS of the mtDNA genome is the preferred methodology 
when testing mtDNA and should be performed in cases of suspected mitochondrial disease 
instead of testing for a limited number of pathogenic point mutations. 
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• Patients with a strong likelihood of mitochondrial disease because of a mtDNA mutation 
and negative testing in blood, should have mtDNA assessed in another tissue to avoid the 
possibility of missing tissue-specific mutations or low levels of heteroplasmy in blood 

• Heteroplasmy analysis in urine can selectively be more informative and accurate than 
testing in blood alone, especially in cases of MELAS due to the common m. 3243A>G 
mutation.  

• mtDNA deletion and duplication testing should be performed in cases of suspected 
mitochondrial disease via NGS of the mtDNA genome, especially in all patients undergoing 
a diagnostic tissue biopsy.  
 If a single small deletion is identified using polymerase chain reaction– based analysis, 

then one should be cautious in associating these findings with a primary mitochondrial 
disorder. 

 When multiple mtDNA deletions are noted, sequencing of nuclear genes involved in 
mtDNA biosynthesis is recommended.  

• When a tissue specimen is obtained for mitochondrial studies, mtDNA content (copy 
number) testing via real-time quantitative polymerase chain reaction should strongly be 
considered for mtDNA depletion analysis because mtDNA depletion may not be detected in 
blood.  

• When considering nuclear gene testing in patients with likely primary mitochondrial 
disease, NGS methodologies providing complete coverage of known mitochondrial disease 
genes is preferred. Single-gene testing should usually be avoided because mutations in 
different genes can produce the same phenotype. If no known mutation is identified via 
known NGS gene panels, then whole exome sequencing should be considered 

 
The Mitochondrial Medicine Society also commented on mtDNA depletion syndromes, which are 
characterized by a significant reduction in mtDNA copy number in affected tissues.  
 

• Diagnosis requires quantification of mtDNA content, typically in affected tissue, with 
identification of a significant decrease below the mean of normal age, gender, and tissue-
specific control when normalized to nDNA tissue content. 

• mtDNA content is not assessed by NGS of the mtDNA genome and must be assayed by a 
separate quantitative real-time polymerase chain reaction. 

 
Association for Clinical Genomic Science ([ACGS], 2020): The ACGS published guidelines for 
the genetic testing strategies for diagnostic and familial testing, variant interpretation and 
reporting, and prenatal diagnosis and reproductive options.  
 

• The systematic analysis of the entire mtDNA by NGS is quicker and facilitates accurate 
heteroplasmy assessment thus improving sensitivity and increasing diagnostic yield. 
Moreover, the use of whole exome 

• The application of NGS and other emerging “omics” tools including RNA-seq has also 
greatly assisted the identification of novel candidate disease genes involved in 
mitochondrial function.  

 
Newborn Screening 
 
American Academy of Pediatrics (AAP)/American College of Medical Genetics and 
Genomics (ACMG): In a joint statement on ethical and policy issues in genetic testing, the AAP 
and ACMG expressed support for the mandatory offering of newborn screening for all children. The 
joint statement noted “After education and counseling about the substantial benefits of newborn 
screening, its remote risks, and the next steps in the event of a positive screening result, parents 
should have the option of refusing the procedure, and an informed refusal should be respected” 
(AAP, 2018). Additionally, the ACMG has developed numerous ACT (action) sheets to aid providers 
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in determining the appropriate steps if an infant has screened positive, and related algorithms that 
provide an overview of the basic steps involved in determining a final diagnosis in the infant. 
 
Polygenic Risk Scores 
 
American College of Medical Genetics and Genomics (ACMG, 2023): The ACMG notes the 
following regarding polygenic risk scores (PRS): 
 

• PRS test results do not provide a diagnosis, instead they provide a statistical prediction of 
increased clinical risk.  

• A low PRS does not rule out significant risk for the disease or condition in question.  
• If the risk prediction of a PRS is derived from a population that is different from the patient 

being tested, then the results may have a poor predictive value for the patient.  
• Isolated PRS testing is not the appropriate test for clinical scenarios in which monogenic 

etiology is known or suspected.  
• Before testing, a patient and provider should discuss the indications for the PRS test, and 

the patient should be informed how the PRS results will be used to guide medical 
management. 

• PRS-based medical management should be evidence-based; however, there is currently 
limited evidence to support the use of PRS to guide medical management.  

• Clinical follow-up for PRS should be consistent with best practices outlined by professional 
societies with appropriate expertise in instances when and where evidence-based practice 
guidelines exist.  

• The ACMG’s position is that preimplantation PRS testing is not yet appropriate for clinical 
use and should not be offered at this time. 

 
Medicare Coverage Determinations 
 

 Contractor Determination Name/Number Revision Effective 
Date 

NCD 
 

No Determination found 
 

LCD First Coast 
Service Options, 
Inc. 

Genetic Testing for Cardiovascular Disease 
(L39084) 

1/30/2022 

LCD First Coast 
Service Options, 
Inc. 

Molecular Pathology Procedures (L34519) 12/12/2021 

LCD CGS 
Administrators, 
LLC 

MolDX: Biomarkers in Cardiovascular Risk 
Assessment 
 

3/2/2023 
 

LCD CGS 
Administrators, 
LLC 

MolDX: Genetic Testing for 
Hypercoagulability / Thrombophilia (Factor V 
Leiden, Factor II Prothrombin, and MTHFR) 
(L35984) 

7/20/2023 
 

LCD CGS 
Administrators, 
LLC 

MolDX: Molecular Diagnostic Tests (MDT) 
(L36021) 

5/4/2023 
 

LCD National 
Government 
Services, Inc.  

Molecular Pathology Procedures (L35000) 8/6/2023 

LCD Novitas Solutions Biomarkers Overview (L35062) 
 

12/12/2021 
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 Contractor Determination Name/Number Revision Effective 
Date 

 
 

LCD Novitas Solutions Genetic Testing for Cardiovascular Disease 
(L39082)  
 

1/30/2022 

LCD Noridian 
Healthcare 
Solutions, LLC  

MolDX: Genetic Testing for 
Hypercoagulability / Thrombophilia (Factor V 
Leiden, Factor II Prothrombin, and MTHFR) 
(L36155)  

7/20/2023 

LCD Noridian 
Healthcare 
Solutions, LLC  

MolDX: Molecular Diagnostic Tests (MDT) 
(L35160) 
 

5/4/2023 
 

LCD Noridian 
Healthcare 
Solutions, LLC  

MolDX: Biomarkers in Cardiovascular Risk 
Assessment (L36358)  
 

3/21/2024 
 

LCD Noridian 
Healthcare 
Solutions, LLC  

MolDX: Repeat Germline Testing (L38351) 
and L38353 
 

4/25/2024 
 

LCD Palmetto GBA  MolDX: Genetic Testing for 
Hypercoagulability/Thrombophilia (Factor V 
Leiden, Factor II Prothrombin, and MTHFR) 
(L36089) 
 

7/20/2023 
 

LCD Palmetto GBA  MolDX: Molecular Diagnostic Tests (MDT) 
(L35025) 
 

5/4/2023 
 

LCD Palmetto GBA  MolDX: Biomarkers in Cardiovascular Risk 
Assessment (L36129) 
 

3/21/2024 
 

LCD Palmetto GBA  MolDX: Repeat Germline Testing (L38274) 4/25/2024 

LCD Wisconsin 
Physicians 
Service 
Insurance 
Corporation  

MolDX: Genetic Testing for 
Hypercoagulability/Thrombophilia (Factor V 
Leiden, Factor II Prothrombin, and MTHFR 
(L36400) 
 

7/20/2023 
 

LCD Wisconsin 
Physicians 
Service 
Insurance 
Corporation  

MolDX: Molecular Diagnostic Tests (MDT) 
(L36807) 
 

4/27/2023 
 

LCD Wisconsin 
Physicians 
Service 
Insurance 
Corporation  

MolDX: Biomarkers in Cardiovascular Risk 
Assessment (L36523) 
 

3/21/2024 
 

LCD Wisconsin 
Physicians 
Service 

MolDX: Repeat Germline Testing (L38429) 
 

4/25/2024 
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 Contractor Determination Name/Number Revision Effective 
Date 

Insurance 
Corporation  

Note: Please review the current Medicare Policy for the most up-to-date information. 
(NCD = National Coverage Determination; LCD = Local Coverage Determination) 
 
Coding Information 
 
Notes: 

1. This list of codes may not be all-inclusive since the American Medical Association (AMA) 
and Centers for Medicare & Medicaid Services (CMS) code updates may occur more 
frequently than policy updates 

2. Deleted codes and codes which are not effective at the time the service is rendered may 
not be eligible for reimbursement. 

 
Single Gene Germline Genetic Testing 
 
Not Covered or Reimbursable: 
 
CPT®* 
Codes 

Description 

81291 MTHFR (5,10-methylenetetrahydrofolate reductase) (eg, hereditary 
hypercoagulability) gene analysis, common variants (eg, 677T, 1298C) 

0001U Red blood cell antigen typing, DNA, human erythrocyte antigen gene analysis of 
35 antigens from 11 blood groups, utilizing whole blood, common RBC alleles 
reported 

0084U Red blood cell antigen typing, DNA, genotyping of 10 blood groups with 
phenotype prediction of 37 red blood cell antigens 

0156U Copy number (eg, intellectual disability, dysmorphology), sequence analysis  
0170U Neurology (autism spectrum disorder [ASD]), RNA, next-generation sequencing, 

saliva, algorithmic analysis, and results reported as predictive probability of ASD 
diagnosis  

0355U APOL1 (apolipoprotein L1) (eg, chronic kidney disease), risk variants (G1, G2) 
0389U Pediatric febrile illness (Kawasaki disease [KD]), interferon alpha-inducible 

protein 27 (IFI27) and mast cell-expressed membrane protein 1 (MCEMP1), RNA, 
using quantitative reverse transcription polymerase chain reaction (RT-qPCR), 
blood, reported as a risk score for KD 

 
HCPCS 
Codes 

Description 

S3852 DNA analysis for APOE epsilon 4 allele for susceptibility to Alzheimer’s disease 
 
Multigene Germline Mutation Genetic Testing Panels 
 
Not Covered or Reimbursable: 
 
CPT®* 
Codes 

Description 

81490 Autoimmune (rheumatoid arthritis), analysis of 12 biomarkers using 
immunoassays, utilizing serum, prognostic algorithm reported as a disease 
activity score 

https://www.encoderprofp.com/epro4payers/i9v3Handler.do?_k=104*27&_a=view
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CPT®* 
Codes 

Description 

0004M Scoliosis, DNA analysis of 53 single nucleotide polymorphisms (SNPs), using 
saliva, prognostic algorithm reported as a risk score 

0398U Gastroenterology (Barrett esophagus), P16, RUNX3, HPP1, and FBN1 DNA 
methylation analysis using PCR, formalin-fixed paraffin-embedded (FFPE) tissue, 
algorithm reported as risk score for progression to high-grade dysplasia or cancer 

0401U Cardiology (coronary heart disease [CHD]), 9 genes (12 variants), targeted 
variant genotyping, blood, saliva, or buccal swab, algorithm reported as a genetic 
risk score for a coronary event 

0417U Rare diseases (constitutional/heritable disorders), whole mitochondrial genome 
sequence with heteroplasmy detection and deletion analysis, nuclear-encoded 
mitochondrial gene analysis of 335 nuclear genes, including sequence changes, 
deletions, insertions, and copy number variants analysis, blood or saliva, 
identification and categorization of mitochondrial disorder-associated genetic 
variants 

 
 *Current Procedural Terminology (CPT®) ©2023 American Medical Association: Chicago, 
IL. 
 
References 
 

1. Abu-El-Haija A, Reddi HV, Wand H, Rose NC, Mori M, Qian E, Murray MF; ACMG 
Professional Practice and Guidelines Committee. Electronic address: 
documents@acmg.net. The clinical application of polygenic risk scores: A points to 
consider statement of the American College of Medical Genetics and Genomics (ACMG). 
Genet Med. 2023 May;25(5):100803. 

 
2. ACMG Board of Directors. Direct-to-consumer prenatal testing for multigenic or polygenic 

disorders: a position statement of the American College of Medical Genetics and Genomics 
(ACMG). Genet Med. 2021 Nov;23(11):2027-2028. Erratum in: Genet Med. 2021 Jul 23. 

 
3. Adam MP, Everman DB, Mirzaa GM, et al., editors. GeneReviews® [Internet]. Seattle 

(WA): University of Washington, Seattle; 1993-2023. Accessed Dec 7, 2023. Available at 
URL address: https://www.ncbi.nlm.nih.gov/books/NBK1116/ 

 
4. American Academy of Family Physicians (AAFP). Clinical Recommendations. Genomic 

Testing for Cardiovascular Disease - Clinical Preventive Service Recommendation. 2012. 
Accessed Dec 7, 2023. Available at URL address: https://www.aafp.org/family-
physician/patient-care/clinical-recommendations.html 

 
5. American Academy of Pediatrics (AAP). Ethical and Policy Issues in Genetic Testing and 

Screening of Children. Committee on Bioethics, Committee on Genetics, and the American 
College of Medical Genetics, and Genomics Social, Ethical, and Legal Issues Committee. 
Pediatrics Mar 2013, 131 (3) 620-622. Reaffirmed Jun 2018. Accessed Dec 7, 2023. 
Available at URL address: https://publications.aap.org/pediatrics 

 
6. American College of Medical Genetics and Genomics (ACMG) Board of Directors. Points to 

consider in the clinical application of genomic sequencing. Genet Med. 2012 
Aug;14(8):759-61. 

 

https://www.encoderprofp.com/epro4payers/i9v3Handler.do?_k=104*12&_a=view


Page 22 of 31 
Medical Coverage Policy: 0052 

7. American College of Obstetricians and Gynecologists (ACOG). Practice Bulletin No.197: 
Inherited thrombophilias in pregnancy. Jul 2018. Accessed Dec 7, 2023. Available at URL 
address: https://www.acog.org/clinical/clinical-guidance/practice-
bulletin/articles/2018/07/inherited-thrombophilias-in-pregnancy 

 
8. APA Work Group on Alzheimer's Disease and other Dementias, Rabins PV, Blacker D, 

Rovner BW, Rummans T, Schneider LS, Tariot PN, Blass DM; Steering Committee on 
Practice Guidelines, McIntyre JS, Charles SC, Anzia DJ, Cook IA, Finnerty MT, Johnson BR, 
Nininger JE, Schneidman B, Summergrad P, Woods SM, Berger J, Cross CD, Brandt HA, 
Margolis PM, Shemo JP, Blinder BJ, Duncan DL, Barnovitz MA, Carino AJ, Freyberg ZZ, 
Gray SH, Tonnu T, Kunkle R, Albert AB, Craig TJ, Regier DA, Fochtmann LJ. American 
Psychiatric Association practice guideline for the treatment of patients with Alzheimer's 
disease and other dementias. Second edition. Am J Psychiatry. 2007 Dec;164(12 
Suppl):5-56.  

 
9. Badesch B. Development, Behavior, and Developmental Disability. In: Kleinman K, 

McDaniel L, Molloy M (Eds.). Harriet lane handbook. 22nd ed. Philadelphia, PA: Elsevier; 
2021. Ch 9. 211-227.e2 

 
10. Baglin T, Gray E, Greaves M, Hunt BJ, Keeling D, Machin S, et al. Clinical guidelines for 

testing for heritable thrombophilia. Br J Haematol. 2010 Apr;149(2):209–20.  
 
11. Bashford MT, Hickey SE, Curry CJ, Toriello HV; American College of Medical Genetics and 

Genomics (ACMG) Professional Practice and Guidelines Committee. Addendum: ACMG 
Practice Guideline: lack of evidence for MTHFR polymorphism testing. Genet Med. 2020 
Dec;22(12):2125. Erratum for: Genet Med. 2013 Feb;15(2):153-6. Erratum in: Genet 
Med. 2020 Jun 26. 

 
12. Bates SM, Greer IA, Middeldorp S, Veenstra DL, Prabulos AM, Vandvik PO, American 

College of Chest Physicians. VTE, thrombophilia, antithrombotic therapy, and pregnancy: 
Antithrombotic Therapy and Prevention of Thrombosis, 9th ed: American College of Chest 
Physicians Evidence-Based Clinical Practice Guidelines. Chest. 2012 Feb;141(2 
Suppl):e691S-736S. 

 
13. Belzil VV, Daoud H, St-Onge J, Desjarlais A, Bouchard JP, Dupre N, Lacomblez L, Salachas 

F, Pradat PF, Meininger V, Camu W, Dion PA, Rouleau GA. Identification of novel FUS 
mutations in sporadic cases of amyotrophic lateral sclerosis. Amyotroph Lateral Scler. 
2011 Mar;12(2):113-7. 

 
14. Bird TD. Alzheimer Disease Overview. Oct 23, 1998 [Updated Dec 20, 2018]. In: Adam 

MP, Ardinger HH, Pagon RA, et al., editors. GeneReviews® [Internet]. Seattle (WA): 
University of Washington, Seattle; 1993-2023. Accessed Dec 7, 2023. Available at URL 
address: https://www.ncbi.nlm.nih.gov/books/NBK1161/ 

 
15. Bowling KM, Thompson ML, Amaral MD, Finnila CR, Hiatt SM, Engel KL, Cochran JN, 

Brothers KB, East KM, Gray DE, Kelley WV, Lamb NE, Lose EJ, Rich CA, Simmons S, 
Whittle JS, Weaver BT, Nesmith AS, Myers RM, Barsh GS, Bebin EM, Cooper GM. Genomic 
diagnosis for children with intellectual disability and/or developmental delay. Genome 
Med. 2017 May 30;9(1):43. 

 
16. Brunklaus A, Dorris L, Ellis R, Reavey E, Lee E, Forbes G, Appleton R, Cross JH, Ferrie C, 

Hughes I, Jollands A, King MD, Livingston J, Lynch B, Philip S, Scheffer IE, Williams R, 



Page 23 of 31 
Medical Coverage Policy: 0052 

Zuberi SM. et al. The clinical utility of an SCN1A genetic diagnosis in infantile-onset 
epilepsy. Dev Med Child Neurol. 2013 Feb;55(2):154-61. 

 
17. Bushnell C, McCullough LD, Awad IA, et al; American Heart Association Stroke Council; 

Council on Cardiovascular and Stroke Nursing; Council on Clinical Cardiology; Council on 
Epidemiology and Prevention; Council for High Blood Pressure Research. Guidelines for the 
prevention of stroke in women: a statement for healthcare professionals from the 
American Heart Association/American Stroke Association. Stroke. 2014 May;45(5):1545-
88. 

 
18. Caga-anan ECF, Smith L, Sharp RR, Lantos JD. Testing children for adult-onset genetic 

diseases. Pediatrics. 2012 Jan;129(1):163-7. 
 
19. Committee to Evaluate the Supplemental Security Income Disability Program for Children 

with Mental Disorders; Board on the Health of Select Populations; Board on Children, 
Youth, and Families; Institute of Medicine; Division of Behavioral and Social Sciences and 
Education; The National Academies of Sciences, Engineering, and Medicine; Boat TF, Wu 
JT, editors. Mental Disorders and Disabilities Among Low-Income Children. Washington 
(DC): National Academies Press (US); 2015 Oct 28. 9, Clinical Characteristics of 
Intellectual Disabilities. Accessed Dec 7, 2023. Available at URL address: 
https://www.ncbi.nlm.nih.gov/books/NBK332877/ 

 
20. Cooke Bailey JN, Hoffman JD, Sardell RJ, Scott WK, Pericak-Vance MA, Haines JL. The 

Application of Genetic Risk Scores in Age-Related Macular Degeneration: A Review. J Clin 
Med. 2016 Mar 4;5(3):31.  

 
21. Craven L, Alston CL, Taylor RW, et al.. Recent Advances in Mitochondrial Disease. Annu 

Rev Genomics Hum Genet. 2017 Aug 31;18:257-275. Epub 2017 Apr 17.  
 
22. Croles FN, Nasserinejad K, Duvekot JJ, Kruip MJ, Meijer K, Leebeek FW. Pregnancy, 

thrombophilia, and the risk of a first venous thrombosis: systematic review and Bayesian 
meta-analysis. BMJ. 2017 Oct 26;359:j4452. 

 
23. Daniels SE, Beineke P, Rhees B, McPherson JA, Kraus WE, Thomas GS, Rosenberg S. 

Biological and analytical stability of a peripheral blood gene expression score for 
obstructive coronary artery disease in the PREDICT and COMPASS studies. J Cardiovasc 
Transl Res. 2014 Oct;7(7):615-22.  

 
24. Deignan JL, Astbury C, Cutting GR, Del Gaudio D, Gregg AR, Grody WW, Monaghan KG, 

Richards S; ACMG Laboratory Quality Assurance Committee. CFTR variant testing: a 
technical standard of the American College of Medical Genetics and Genomics (ACMG). 
Genet Med. 2020 Aug;22(8):1288-1295.  

 
25. Dubois B, Villain N, Frisoni GB, Rabinovici GD, Sabbagh M, Cappa S, et al., Clinical 

diagnosis of Alzheimer's disease: recommendations of the International Working Group. 
Lancet Neurol. 2021 Jun;20(6):484-496. Epub 2021 Apr 29. 

 
26. Elashoff MR, Wingrove JA, Beineke P, et al. Development of a Blood-Based Gene 

Expression Algorithm for Assessment of Obstructive Coronary Artery Disease in Non-
Diabetic Patients. BMC Med Genomics 2011; 4(1):26 

 
27. Elliott HR, Samuels DC, Eden JA, Relton CL, Chinnery PF. Pathogenic mitochondrial DNA 

mutations are common in the general population. Am J Hum Genet. 2008;83(2):254-260. 



Page 24 of 31 
Medical Coverage Policy: 0052 

 
28. Evaluation of Genomic Applications in Practice and Prevention (EGAPP) Working Group. 

Recommendations from the EGAPP Working Group: genomic profiling to assess 
cardiovascular risk to improve cardiovascular health. Genet Med 2010 Dec;12(12):839-43. 

 
29. Farbstein D, Levy AP. The genetics of vascular complications in diabetes mellitus. Cardiol 

Clin of North America. Aug 2010;28(3). 
 
30. Fearon C, Murray B, Mitsumoto H. Disorders of upper and lower motor neurons. In: 

Jankovic J, Mazzioti JC, Pomeroy SL, Newman NJ, editors. Bradley and Daroff’s Neurology 
in Clinical Practice. 8th edition. Elsevier, Inc. Philadelphia (PA); 2022. 

 
31. Filsoof DM, Safford RE, Newby K, Rosenberg S, Kontras DG, Baker A, Odunukan OW, 

Fletcher G. Impact of exercise stress testing on diagnostic gene expression in patients 
with obstructive and nonobstructive coronary artery disease. Am J Cardiol. 2015 May 
15;115(10):1346-50.  

 
32. Finucane B, Abrams L, Cronister A, Archibald AD, Bennett RL, McConkie-Rosell A. Genetic 

counseling and testing for FMR1 gene mutations: practice guidelines of the National 
Society of Genetic Counselors. J Genet Couns. 2012 Dec;21(6):752-60. 

 
33. Folsom AR, Nambi V, Pankow JS, Tang W, Farbakhsh K, Yamagishi K, Boerwinkle E. Effect 

of 9p21 genetic variation on coronary heart disease is not modified by other risk markers. 
The Atherosclerosis Risk in Communities (ARIC) Study. Atherosclerosis. 2012 
Oct;224(2):435-9. 

 
34. Genetic Testing Registry. National Center for Biotechnology Information, U.S. National 

Library of Medicine. Accessed Dec 7, 2023. Available at URL address: 
https://www.ncbi.nlm.nih.gov/gtr/ 

 
35. Genetics Home Reference (GHR). MedlinePlus [Internet]. Bethesda (MD): National Library 

of Medicine (US). MTHFR gene methylenetetrahydrofolate reductase; [Updated Oct 1, 
2019]. Accessed Dec 7, 2023. Available at URL address: 
https://medlineplus.gov/genetics/gene/mthfr/ 

 
36. Goff DC Jr, Lloyd-Jones DM, Bennett G, Coady S, D'Agostino RB, Gibbons R,et al. 2013 

ACC/AHA guideline on the assessment of cardiovascular risk: a report of the American 
College of Cardiology/American Heart Association Task Force on Practice Guidelines. 
Circulation. 2014 Jun 24;129 (25 Suppl 2):S49-73. Erratum in: Circulation. 2014 Jun 
24;129(25 Suppl 2):S74-5.  

 
37. Goldman JS, Hahn SE, Catania JW, LaRusse-Eckert S, Butson MB, Rumbaugh M, Strecker 

MN, Roberts JS, Burke W, Mayeux R, Bird T; American College of Medical Genetics and the 
National Society of Genetic Counselors. Genetic counseling and testing for Alzheimer 
disease: joint practice guidelines of the American College of Medical Genetics and the 
National Society of Genetic Counselors. Reaffirmed 2018. Genet Med. 2011 
Jun;13(6):597-605. Erratum in: Genet Med. 2011 Aug;13(8):749.  

 
38. Greenland P, Alpert JS, Beller GA, Benjamin EJ, Budoff MJ, Fayad ZA, et al. 2010 

ACCF/AHA guideline for assessment of cardiovascular risk in asymptomatic adults: a 
report of the American College of Cardiology Foundation/American Heart Association Task 
Force on Practice Guidelines. J Am Coll Cardiol. 2010 Dec 14;56(25):e50-103. 

 



Page 25 of 31 
Medical Coverage Policy: 0052 

39. Herman L, Froelich J, Kanelos D, et al. Utility of a genomic-based, personalized medicine 
test in patients presenting with symptoms suggesting coronary artery disease. J Am Board 
Fam Med. 2014;27(2):258-267. 

 
40. Hickey SE, Curry CJ, Toriello HV. ACMG Practice Guideline: lack of evidence for MTHFR 

polymorphism testing. Genet Med. 2013 Feb;15(2):153-6. 
 
41. Hiratzka LF, Bakris GL, Beckman JA, Bersin RM, Carr VF, Casey DE Jr., et al. 2010 

ACCF/AHA/AATS/ACR/ASA/SCA/SCAI/SIR/STS/SVM Guidelines for the diagnosis and 
management of patients with thoracic aortic disease: Executive summary: A report of the 
American College of Cardiology Foundation/American Heart Association Task Force on 
Practice Guidelines, American Association for Thoracic Surgery, American College of 
Radiology, American Stroke Association, Society of Cardiovascular Anesthesiologists, 
Society for Cardiovascular Angiography and Interventions, Society of Interventional 
Radiology, Society of Thoracic Surgeons, and Society for Vascular Medicine. Catheter 
Cardiovasc Interv. 2010 Aug 1;76(2):E43-86. 

 
42. Hresko MT. Clinical practice. Idiopathic scoliosis in adolescents. N Engl J Med. 2013; 

368(9):834-841. 
 
43. Kahn SR, Lim W, Dunn AS, Cushman M, Dentali F, Akl EA, Cook DJ, Balekian AA, Klein RC, 

Le H, Schulman S, Murad MH. Prevention of VTE in nonsurgical patients: Antithrombotic 
Therapy and Prevention of Thrombosis, 9th ed: American College of Chest Physicians 
Evidence-Based Clinical Practice Guidelines. Chest. 2012 Feb;141(2 Suppl):e195S-e226S.  

 
44. Kamien BA, Cardamone M, Lawson JA, Sachdev R A genetic diagnostic approach to 

infantile epileptic encephalopathies. J Clin Neurosci. 2012 Jul;19(7):934-41.  
 
45. Kelly E, Greene CM, Carroll TP, McElvaney NG, O'Neill SJ. Alpha-1 antitrypsin deficiency. 

Respir Med. 2010 Jun;104(6):763-72.  
 
46. Kose M, Isik E, Aykut A, et al. The utility of next-generation sequencing technologies in 

diagnosis of Mendelian mitochondrial diseases and reflections on clinical spectrum. J 
Pediatr Endocrinol Metab. 2021 Feb 24;34(4):417-430. doi: 10.1515/jpem-2020-0410. 
PMID: 33629572. 

 
47. Krey I, Platzer K, Esterhuizen A, Berkovic SF, Helbig I, Hildebrand MS, Lerche H, 

Lowenstein D, Møller RS, Poduri A, Sadleir L, Sisodiya SM, Weckhuysen S, Wilmshurst JM, 
Weber Y, Lemke JR, Berkovic SF, Cross JH, Helbig I, Lerche H, Lowenstein D, Mefford HC, 
Perucca P, Tan NC, Caglayan H, Helbig K, Singh G, Weber Y, Weckhuysen S. Current 
practice in diagnostic genetic testing of the epilepsies. Epileptic Disord. 2022 Oct 
1;24(5):765-786. 

 
48. Krintus M, Kozinski M, Kubica J, Sypniewska G. Critical appraisal of inflammatory markers 

in cardiovascular risk stratification. Crit Rev Clin Lab Sci. 2014 Oct;51(5):263-79. 
 
49. Ladapo JA, Herman L, Weiner BH, Rhees B, Castle L, Monane M, McPherson JA. Use of a 

blood test incorporating age, sex, and gene expression influences medical decision-making 
in the evaluation of women presenting with symptoms suggestive of obstructive coronary 
artery disease: summary results from two ambulatory care studies in primary care. 
Menopause. 2015 Apr 6.  

 



Page 26 of 31 
Medical Coverage Policy: 0052 

50. Ladapo JA, Lyons H, Yau M, et al. Enhanced assessment of chest pain and related 
symptoms in the primary care setting through the use of a novel personalized medicine 
genomic test: Results from a prospective registry study. Am J Med Qual. 2014 May 5. 

 
51. Langenberg C, Lotta LA. Genomic insights into the causes of type 2 diabetes. Lancet. 2018 

Jun 16;391(10138):2463-2474. 
 
52. Lansky A, Elashoff MR, Ng V, et al. A gender-specific blood-based gene expression score 

for assessing obstructive coronary artery disease in nondiabetic patients: results of the 
Personalized Risk Evaluation and Diagnosis in the Coronary Tree (PREDICT) trial. Am 
Heart J. 2012 Sep;164(3):320-6. 

 
53. Manickam K, McClain MR, Demmer LA, Biswas S, Kearney HM, Malinowski J, Massingham 

LJ, Miller D, Yu TW, Hisama FM; ACMG Board of Directors. Exome and genome sequencing 
for pediatric patients with congenital anomalies or intellectual disability: an evidence-
based clinical guideline of the American College of Medical Genetics and Genomics 
(ACMG). Genet Med. 2021 Nov;23(11):2029-2037. 

 
54. March of Dimes. Newborn Screening Tests For Your Baby. March of Dimes Birth Defect 

Foundation. Updated Jul 2020. Accessed Dec 7, 2023. Available at URL address: 
https://www.marchofdimes.org/baby/newborn-screening-tests-for-your-baby.aspx 

 
55. Marchiori A, Mosena L, Prins MH, Prandoni P. The risk of recurrent venous 

thromboembolism among heterozygous carriers of factor V Leiden or prothrombin 
G20210A mutation. A systematic review of prospective studies. Haematologica. 2007 
Aug;92(8):1107-14. 

 
56. Marciniul DD, Hernandez P, Balter M, Bourbeaau J, Chapman KR, Ford GT, et al. Canadian 

Thoracic Society COPD Clinical Assembly Alpha-1 Antitrypsin Deficiency Expert Working 
Group. Alpha-1 antitrypsin deficiency targeted testing and augmentation therapy: a 
Canadian Thoracic Society clinical practice guideline. Can Respir J. 2012 Mar-
Apr;19(2):109-16. Eratum in: Can Respir J. 2012 Jul-Aug;19(4):272. 

 
57. Martin AR, Kanai M, Kamatani Y, Okada Y, Neale BM, Daly MJ. Clinical use of current 

polygenic risk scores may exacerbate health disparities. Nat Genet. 2019 Apr;51(4):584-
591. Erratum in: Nat Genet. 2021 May;53(5):763.  

 
58. Mavraki E, Labrum R, Sergeant K, et al. Genetic testing for mitochondrial disease: the 

United Kingdom best practice guidelines. Eur J Hum Genet. 2023 Feb;31(2):148-163. 
 
59. McKhann GM, Knopman DS, Chertkow H, Hyman BT, Jack CR Jr, Kawas CH, Klunk WE, 

Koroshetz WJ, Manly JJ, Mayeux R, Mohs RC, Morris JC, Rossor MN, Scheltens P, Carrillo 
MC, Thies B, Weintraub S, Phelps CH. The diagnosis of dementia due to Alzheimer's 
disease: recommendations from the National Institute on Aging-Alzheimer's Association 
workgroups on diagnostic guidelines for Alzheimer's disease. Alzheimers Dement. 2011 
May;7(3):263-9.  

 
60. McPherson JA, Davis K, et al. The clinical utility of gene expression testing on the 

diagnostic evaluation of patients presenting to the cardiologist with symptoms of 
suspected obstructive coronary artery disease: results from the IMPACT (Investigation of a 
Molecular Personalized Coronary Gene Expression Test on Cardiology Practice Pattern) 
trial. Crit Path Cardiol. 2013 Jun;12(2):37-42. 

 



Page 27 of 31 
Medical Coverage Policy: 0052 

61. Mithyantha R, Kneen R, McCann E, Gladstone M. Current evidence-based 
recommendations on investigating children with global developmental delay. Arch Dis 
Child. 2017 Nov;102(11):1071-1076.  

 
62. Moeschler JB, Shevell M; Committee on Genetics. Comprehensive evaluation of the child 

with intellectual disability or global developmental delays. Pediatrics. 2014 
Sep;134(3):e903-18. 

 
63. Mora S, Libby P, Ridker PM. Primary Prevention of Cardiovascular Disease. In: Libby P, 

Bonow RO, Mann DL, Tomaselli GF, Bhatt DL, Solomon SD. Braunwald’s Heart Disease: A 
Textbook of Cardiovascular Medicine. 12th ed. Philadelphia, PA: Elsevier Inc.; 2022. ch 
25, 442-470. 

 
64. Natarajan P, Musunuru K. Applications of Genetics to Cardiovascular Medicine. In: Libby P, 

Bonow RO, Mann DL, Tomaselli GF, Bhatt DL, Solomon SD. Braunwald’s Heart Disease: A 
Textbook of Cardiovascular Medicine. 12th ed. Philadelphia, PA: Elsevier Inc.; 2022. ch 7, 
71-86. 

 
65. National Institute for Health and Care Excellence (NICE). Venous thromboembolic 

diseases: diagnosis, management and thrombophilia testing (NG158). Published Mar 26, 
2020. Updated Aug 2, 2023. Accessed Dec 7, 2023. Available at URL address: 
https://www.nice.org.uk/guidance/ng158 

 
66. National Institute on Aging (NIA). Alzheimer’s Disease Genetics Fact Sheet. Reviewed Mar 

1, 2023. Accessed Dec 7, 2023. Available at URL address: 
https://www.nia.nih.gov/health/alzheimers-disease-genetics-fact-sheet 

 
67. National Institutes of Health. National Human Genome Research Institute (NHGRI). 

Polygenic Risk Scores. Last updated Aug 11, 2020. Accessed Dec 7, 2023. Available at 
URL address: https://www.genome.gov/Health/Genomics-and-Medicine/Polygenic-risk-
scores 

 
68. National Society of Genetic Counselors (NSGC). NSGC Position Statements. Confronting 

Racism, Oppression, & Inequity in Genetic & Genomic Medicine. © National Society of 
Genetic Counselors Apr 26, 2022. Accessed Dec 7, 2023. Available at URL address: 
https://www.nsgc.org/POLICY/Position-Statements/Position-Statements/Post/confronting-
racism-oppression-inequity-in-genetic-genomic-medicine  

 
69. National Society of Genetic Counselors (NSGC). NSGC Position Statements. Secondary and 

Incidental Findings in Genetic Testing. © National Society of Genetic Counselors (Adopted 
2015; Revised 2020; Reaffirmed 2023). Accessed Dec 7, 2023. Available at URL address: 
https://www.nsgc.org/POLICY/Position-Statements/Position-Statements/Post/secondary-
and-incidental-findings-in-genetic-testing-1  

 
70. Ogura Y, Takahashi Y, Kou I, et al. A replication study for association of 53 single 

nucleotide polymorphisms in a scoliosis prognostic test with progression of adolescent 
idiopathic scoliosis in Japanese. Spine (Phila Pa 1976). 2013; 38(16):1375-1379. 

 
71. Pagliarini DJ, Calvo SE, Chang BA et al. A mitochondrial protein compendium elucidates 

complex I disease biology. Cell. 2008 Jul 11;134(1):112-23.  
 



Page 28 of 31 
Medical Coverage Policy: 0052 

72. Parikh S, Goldstein A, Koenig MK, et al. Diagnosis and management of mitochondrial 
disease: a consensus statement from the Mitochondrial Medicine Society. Genet Med. 
2015 Sep;17(9):689-701. 

 
73. Pezzolesi MG, Krolewski AS. The genetic risk of kidney disease in type 2 diabetes. Med Clin 

North America. Jan 2013;97(1). 
 
74. Practice Committee of the American Society for Reproductive Medicine. Practice 

Committee of the American Society for Reproductive Medicine. Combined hormonal 
contraception and the risk of venous thromboembolism: a guideline. Fertil Steril. 2017 
Jan;107(1):43-51. 

 
75. Pruthi RK. Optimal utilization of thrombophilia testing. Int J Lab Hematol. 2017 May;39 

Suppl 1:104-110. 
 
76. Raffield LM, Cox AJ, Carr JJ, Freedman BI, Hicks PJ, Langefeld CD, Hsu FC, Bowden DW. 

Analysis of a cardiovascular disease genetic risk score in the Diabetes Heart Study. Acta 
Diabetol. 2015 Aug;52(4):743-51. 

 
77. Ratnapriya R, Chew EY. Age-related macular degeneration-clinical review and genetics 

update. Clin Genet. 2013 Aug;84(2):160-6. 
 
78. Rosenberg S, Elashoff MR, Beineke P, et al. Multicenter validation of the diagnostic 

accuracy of a blood-based gene expression test for assessing obstructive coronary artery 
disease in nondiabetic patients. Ann Intern Med. 2010 Oct 5;153(7):425-34. 

 
79. Rosenberg S, Elashoff MR, Lieu HD, et al., PREDICT Investigators. Whole blood gene 

expression testing for coronary artery disease in nondiabetic patients: major adverse 
cardiovascular events and interventions in the PREDICT trial. J Cardiovasc Transl Res. 
2012 Jun;5(3):366-74. 

 
80. Rühle F, Stoll M. Advances in predicting venous thromboembolism risk in children. Br J 

Haematol. 2018 Mar;180(5):654-665. 
 
81. Saposnik G, Barinagarrementeria F, Brown RD Jr, Bushnell CD, Cucchiara B, Cushman M, 

deVeber G, Ferro JM, Tsai FY; on behalf of the American Heart Association Stroke Council 
and the Council on Epidemiology and Prevention. Diagnosis and management of cerebral 
venous thrombosis: a statement for healthcare professionals from the American Heart 
Association/American Stroke Association. Stroke. 2011;42:1158–1192. 

 
82. Sarafoglou K, Lorentz CP, Otten N, Oetting WS, Grebe SK. Molecular testing in congenital 

adrenal hyperplasia due to 21α-hydroxylase deficiency in the era of newborn screening. 
Clin Genet. 2012 Jul;82(1):64-70. 

 
83. Scottish Intercollegiate Guidelines Network (SIGN). Prevention and management of 

venous thromboembolism. Edinburgh: SIGN; 2014. (SIGN publication no. 122). Accessed 
Dec 7, 2023. Available at URL address: https://www.sign.ac.uk/our-guidelines/prevention-
and-management-of-venous-thromboembolism/ 

 
84. Shashi V, McConkie-Rosell A, Rosell B, Schoch K, Vellore K, McDonald M, Jiang YH, Xie P, 

Need A, Goldstein DB. The utility of the traditional medical genetics diagnostic evaluation 
in the context of next-generation sequencing for undiagnosed genetic disorders. Genet 
Med. 2014 Feb;16(2):176-82. 



Page 29 of 31 
Medical Coverage Policy: 0052 

 
85. Shaw PJ, Cudkowicz ME. Amyotrophic lateral sclerosis and other motor neuron diseases. 

In: Goldman L, Schafer AI (Eds.). Goldman-Cecil medicine, 26th ed. Elsevier Saunders; 
Philadelphia, PA, 2020. ch. 391. 2485-2489.e2 

 
86. Sheidley BR, Malinowski J, Bergner AL, Bier L, Gloss DS, Mu W, Mulhern MM, Partack EJ, 

Poduri A. Genetic testing for the epilepsies: A systematic review. Epilepsia. 2022 
Feb;63(2):375-387. 

 
87. Sontag MK, Yusuf C, Grosse SD, et al. Infants with Congenital Disorders Identified 

Through Newborn Screening — United States, 2015–2017. MMWR Morb Mortal Wkly Rep 
2020;69:1265–1268. 

 
88. Stevens SM, Woller SC, Bauer KA, Kasthuri R, Cushman M, Streiff M, et al. Guidance for 

the evaluation and treatment of hereditary and acquired thrombophilia. J Thromb 
Thrombolysis. 2016 Jan;41(1):154-64. 

 
89. Taber KA, Dickinson BD, Wilson M. The promise and challenges of next-generation 

genome sequencing for clinical care. JAMA Intern Med. 2014 Feb 1;174(2):275-80. 
 
90. Thomas GS, Voros S, McPherson JA, Lansky AJ, Winn ME, Bateman TM, Elashoff MR, Lieu 

HD, Johnson AM, Daniels SE, Ladapo JA, Phelps CE, Douglas PS, Rosenberg S. A blood-
based gene expression test for obstructive coronary artery disease tested in symptomatic 
nondiabetic patients referred for myocardial perfusion imaging the COMPASS study. Circ 
Cardiovasc Genet. 2013 Apr;6(2):154-62. 

 
91. Truty R, Patil N, Sankar R, Sullivan J, Millichap J, Carvill G, Entezam A, Esplin ED, Fuller A, 

Hogue M, Johnson B, Khouzam A, Kobayashi Y, Lewis R, Nykamp K, Riethmaier D, 
Westbrook J, Zeman M, Nussbaum RL, Aradhya S. Possible precision medicine implications 
from genetic testing using combined detection of sequence and intragenic copy number 
variants in a large cohort with childhood epilepsy. Epilepsia Open. 2019 Jul 1;4(3):397-
408. 

 
92. Tsai MY, Loria CM, Cao J, Kim Y, Siskovick D, Schreiner PJ, et al. Clinical utility of 

genotyping the 677C>T variant methylenetetrahydrofolate reductase in humans is 
decreased in the post folic acid fortification era. J Nutr. 2009 Jan;139(1):33-7. 

 
93. Tsuang D, Larson EB, Bowen J, McCormick W, Teri L, Nochlin D, Leverenz JB, Peskind ER, 

Lim A, Raskind MA, Thompson ML, Mirra SS, Gearing M, Schellenberg GD, Kukull W. The 
utility of apolipoprotein E genotyping in the diagnosis of Alzheimer disease in a 
community-based case series. Arch Neurol. 1999 Dec;56(12):1489-95. 

 
94. U.S. Food and Drug Administration (FDA). Center for Devices and Radiological Health. 

510(k) Premarket Notification database. Accessed Dec 7, 2023. Available at URL address: 
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpmn/pmn.cfm  

 
95. Wijesekera LC, Leigh PN. Amyotrophic lateral sclerosis. Orphanet J Rare Dis. 2009 Feb 

3;4:3. 
 
96. Williams JW, Plassman BL, Burke J, Holsinger T, Benjamin S. Preventing Alzheimer’s 

Disease and Cognitive Decline. Evidence Report/Technology Assessment No. 193. 
(Prepared by the Duke Evidence-based Practice Center under Contract No. HHSA 290-



Page 30 of 31 
Medical Coverage Policy: 0052 

2007-10066-I.) AHRQ Publication No. 10-E005. Rockville, MD: Agency for Healthcare 
Research and Quality. Apr 2010. 

 
97. Wingrove JA, Daniels SE, Sehnert AJ et al. Correlation of peripheral-blood gene expression 

with the extent of coronary artery stenosis. Circ Cardiovasc Genet 2008; 1(1):31-8. 
 
98. Witters P, Saada A, Honzik T, et al. Revisiting mitochondrial diagnostic criteria in the new 

era of genomics. Genet Med. 2018 Apr;20(4):444-451.  
 
99. Wong LJ, Scaglia F, Graham BH et al. Current molecular diagnostic algorithm for 

mitochondrial disorders. Mol Genet Metab. 2010 Jun;100(2):111-7. 
 

100. Wu O, Robertson L, Twaddle S, Lowe GDO, Clark P, Greaves M, Walker ID, et al. 
Screening for thrombophilia in high-risk situations: systematic review and cost-
effectiveness analysis. The Thrombosis: Risk and Economic Assessment of Thrombophilia 
Screening (TREATS) study. Health Technol Assess. 2006 Apr;10(11):1-110. 

 
101. Zeller T, Blankenberg S. Blood-based gene expression tests: Promises and limitations. Circ 

Cardiovasc Genet. 2013;6(2):139-140. 
 
102. Zhang S, Taylor AK, Huang X, Luo B, Spector EB, Fang P, Richards CS. Venous 

thromboembolism laboratory testing (factor V Leiden and factor II c.*97G>A), 2018 
update: a technical standard of the American College of Medical Genetics and Genomics 
(ACMG). Genet Med 20, 1489–1498 (2018). 

 
Revision Details  
 

Type of Revision Summary of Changes Date 

Focused review • Removed policy statements for genetic 
counseling; multigene panel testing for 
nonsyndromic hearing loss; and testing for 
connective tissue disorders and thoracic 
aortic aneurysm/dissection. 

• Revised policy statement for single gene 
genetic testing. 

11/1/2024 

Focused review • Revised noncoverage statement of specific 
variants. 

5/17/2024  

Annual review • Added policy statement for genetic testing 
for mitochondrial disorders. 

• Added criteria for genetic testing for 
connective tissue disorders, TAA and TAD. 

• Removed policy statement for genetic 
testing for ALS. 

• Revised policy statement regarding 
credentials for individuals who may perform 
genetic counseling. 

1/15/2024 
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